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PREFACE, 


FOR THE 


ADVANCEMENT 
| of THE 
Art of Navigation. 


75 all tru Noble minded Engliſh-men, 


who are any way concerned in Sea mens 
affairs, either as Gouernonrs, Merchants, or Mariners. 
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Ad? RITA IN is aknowledged to be the Quces and 
D Lady Regent of the Seas, and well may be ſo, 
both in reſpect of the ber and force of her 
J . Ships, and the gi and valaur of her Mar inert. 
And long I wiſh they may maintain their Creuit, 
and improve their Art: But yet let me tell you, 
5 a great neglect of thoſe wean; which have been 
it | formerly. 
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formerly uſed for the advarcement of this Art. Yea, and thoſe 
publique Lectures Formerly appointed for this perpeſe, were not ſuf- 
ficient to accumpliſb it. For what knowledge can be gained in this 
or any other Art, by thc bearing a Lecture there of now and then, 
wherein onely ſome one point of the Art is treated of; though 
it be never ſo well de monſtrat ed, if the hearcy cannot have time or 
opportunity to hear out the whole, or liberty to a ſuch queſtions, 
as may be moſt uſcſul for his preſent parpuſe, or meft'texding to his 
5n/trulion in thole things he doth not fully know. 

This therefore which I ſhall propoſe to your conſideration, (hall 
be a much more Royal, and a far more ſure and certain way for 
the advercement and perfechion of this excelent Art: which is 
briefly thus: 

That there be a Ceſledge ereftidor eſtabliſhed in or about the 
City of London, to be ordered after the manner of the Colledges in 
the Univerſities, (only all the Lectures & E xerciſes to be perfor- 
med in our own native language) and the chief Study and endta- 
vour of the Governonrs of this Colledge ſhould be, to promete the 
Arts and Sciences Mathematical viz Avithmetick,, Geometry and 
Aſtronomy, in ſuch a way as they may tend moſt to the advance- 
ment ofthe 7 hrory and Practice of the Art of Navigation, which 
makes the woſt general and profitable ule of al theſe three, and of 
all other Al. chanical Arts grounded thereupon. 

This I confeſſe is fomewhar a great enterpriæe, that I.aim at; 
but for your better exconragerment hereunto rake che ſe can ſideraiti- 
ons: 

Firſt, that this way propeſed hath alwayes beenbeft a"comtetof, 
and alwayes found to ha ve the bet ſmecrſſe for the advauet ment of 
all kinds of Learning, w! ether Divise, Civil, or Prophane, Wit- 
neſſe the Antiquity and fluriſhing of Univerſities and their Col- 
ledges,not only wich ws, but throughout the ble Chriſtian, and 
Civilized World. | 

Secondly. conſider that this Art of Navigation is of ſuch ne- 
ct ar and *ablique concerrment, that it well deſerves this cart and 
cbarges to be beſtoned upon it. For (ferting Divinity aſide, which 
of all Aris muſt have the prehſ miaenct) I thinꝶ d may. (without 
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prrſomptios) «ffirm that t his Art of Navigation is as (neceſſary, = 


if not myre ) neteſſury, for the well- being and honewy of our Nati · 
on, then any other Art or Science, much more carefully harboured 
in the Vniverſities. As for inſtance, if you look upon Grammar, 
Rhetorick,, and Logick, theſe are but Introductius into other 
Arte, Muſick is of little eſteem oruſe: Fhyſckand Law are the 
two chief Profefrons in the Univerſities, but (yet without envy be 
it ſpoken) I think we might as well live without Phyſicians, as the 
ancient Rom nt; or withour Lawyers, as honeſt and quiet neigh- 
hours might and ſhould , beiter then without i Sea. men, 
which ate the chief importers of our Wealth, and ſupporters of our 
Warfare. 

Thirdly; conf64er that this art of Navigation makes the moſt ge- 
neral and profit able uſe of all the Mathe matical Arts and Srien- 
ces profeſled in the Univerſities. For what «ſe can the Scholar 
make of his Geometry, with all the nice and xotional Probleme: 
thereof: or what e can he make of his « Afronomy, with all his 
curiuus ſpeculations about the metions of the Planets, unleſſe t 
be appliad to ſome more HMecharical and Praflical Art; us Cof- 
megraphy, Geography, Surveying, Dialling, Gauging, Arebitecturo, 

ilitary im loyments, or ſuch like. But this Art of Navigation 
comprehends and makes uſe of al theſe ; And be that will be a c. 
pleat Sea-man had need to have ſome il both in the T her y and 
prall ice of all or moſt of theſe Arts, So that no Ait is more ca- 
parions and were the excelency thereof well underſtood, and put 
in practice as it might be, no implimem would be more honewra- 
ble and advantageous for the molt generous Gentleman and learned 
Student, then this of Navigation. Thus it was eſtrcemed in the 
dayes of our famous Qucen Elizabeth. 

When Drake and Cands/b ſaibd the World about, 

And many Heros found new Countreys out; Fo 

To Britains glory, and their Iaſt ing fame: | 

Were we lit minded, we might do the /ame. 

But perhaps you may think that this Ari of Navigation is el- 
ready brought to that per ſeſt ian, that there ace none of this ce 
and trouble aboutite To this 1 anſwer: That the li may be 
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je ted againſt all other Arts, which either are or might have 
been perf, ted (as ſome may think) long before this, having been 
ſo long and carefully foſtered in the Yniverſiriess But he that is 
a true lover of Art ſhall finde that Artis endleſſe, and he that 
hath moſt skill therein, ſhall better fee his own imperfection. 
Beſides, ſuppoſe ſome men have attained to perfection, yet un- 
elfe there be a conſtant ſupply of younger Stwdents, in a little 
rime they mult die, yea upon a ſudden they may be taken away 
by ſiekneſſe, or ſome other accident, and their Aris periſh with 
them. Thus it happened by Archimedes, and many other famous 
Artiſts, ſome of whoſe Hr we have onely by report and tra- 
dition; others, thoug!: we may fee and admire their famous 
Alſaſeer-precces, yet we know not how to perform the like, 
But yet let me tell you, for all the great number of Sea-men 
which we have (which 1 dare ſay are as able and skilful as a 
in the World) yet this Art of Navigation wants much of its de- 
fired perfection, and which it might arriveunto, if ſuch a Col- 
ledge and Society would effectually 2 and indes vour 
after i, in this or ſome ſuch way, as 1 ſhall here preſeride unto 
ou. © 032 3 3 
The firſtthing I would preſcribe to be done by them; isto ſet 
forth a good form and method of the whole err of Navigation, 
according to the beſt way of ptactice that is already known and 
uſed. This is a thing that bath been alwayes yet much wanting; 
the old Sea-books being very defective and erroneous,” and yet 
for them (which was a ſhame to our own Artiſts) we were be- 
holding to the Spaniard and other ſtrangers, they being onely 
trarflations of their Works. And though Mr. #7ight, Mr Gun- 
ter, and Mr. Normcod have done very well in thoſe parts thereof, 
which they have undertaken, yet they have not gone through 
with the whole Art, neither have they made thole things they 
write about ſo plain and practical as they might be, as you may 
ice by this which I have publiſhed after them, both in this Book, 
and in my Geometrical Sea-man. And much more I have provi- 
ded concerning the knowledge and practice of Aſtronomy in the 
Art of Naviga ion, all which | ſhall be as free to communicate, 


2 _ as 
. 

* 

APs 


For the Advancement of the Art of Navigation. 
as I finde you ready to accept thereof; if this more publique and 
better contrived method, do not take effect, and ſave me the la- 
bour. 

A ſecond thing this Colledge ſhould indeavour, ſhould be the 
education of young Sea- men, according to the foreſaid method 
eſtabliſhed by them: Who ſhould for this purpoſe be inſtructed 
in all the Arts and Sciences Mathematical, by all means and 
wayes thought fit and neceſſary thereunto ; and according to 
their ſtanding and proficiency herein, ſhould receive feveral de- 
grees and titles of Ciznity and approbation, as it is uſual in the 
Vniverßties for Studeiits in other Arts, which would much incou- 
rage them in their Studies, and be a mears of their preferment, 
according to deſert, Some of theſe y-ung Sea-men might be 
maintained upon the publique Srock ; others at their own 
charges, according as the Revenues of the Colledge ſhall be ſet- 
led or increaſe. And this will be an excellent way for all well- 
minded perſons to exprels their charity, eſpecially tor ſuch, who 
being either Sea-men or Merchants, and have gained great E- 
ſtares by theſe Arts, to expreſs their love and thankſulneſs, by re- 
lieving and educating the Orphans and children of Sea-men, 
or others, who by this means may in a ſhort time become skil- 
ful Sea-men for the ſervice of their Countrey,and in time may 
alſo prove worthy BenefaRours to this place of their education, 
Neither need theſe young Sea-men alwayes lie cloſe at their ſtu- * 
dy, but goe forth now and then upon the publique or private af- - 
fairs, and ſo learn the Theory and Practice of the Art both to- 
gether, making this their home or place of retreat in times of 
vacancy, and want of imployment. 

But the third and chief thing that che principal members of 
this Colledge ſhould ſpend their time and ſtudy in, ſhould be in 
receiving all O>/ervations and Diſcoveries that have been, or ſhall 
be made by any Sea-man in foreign parts, and improving them 
meas they can to the publique benefit and advancement of this 

rt. | 

And here let me give you a ſhort account of ſome few things 
the obſer vation and regulation whereof after this manner, would 
2 2 
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be an admirable advancement to this Art, and without which 
- the Art of Nayigation never can or will be perfected, 

Firſt, it will be a thing of great concernment. to make obſer. 
vation anddiſcovery of the true form and.;proſp:& of all the 
Sea-coaſts of any place, Countrey, or Iſland, with all their 
Creeks, Harbours, Rivers, and other Entries; and allo of all 
Sands and Rocks, and other dangerous places, eſpecially of ſuch. 
as ate not yet known at all, or not ſo exactly known and deſcri- 
bed in the uſual Chards and Maps, as they ought to be. Moſt; 
of the Charts and Maps we have already, we being beholden to 
the Hollander for them, who put us oft with their ſhghreſt ſale- 
ware, or what they pleaſe, concealing many excellent Diſcove- 
ries from us, which they keep for their own advantage, whereas. 
by this means we might ina ſhore time have better Charts and 
Maps of our own, then any they have, our Sea men being as, 
skiltul to make thoſe Obſervations as any of theirs. 

Secondly, another thing which will be very needful will be to 
receive Obſervations and Dilcoveries of the Tides and Currents 
at Sea, and of all other motions of the water ordinary and ex- 
traordinary, eſpꝛcially of ſuch, as are not ſo well known,. or not 
ſo carefully. obſerved and regulated as they ought. to be. The 
true know edge of this would be of excellent ule, as y ¹ 
ſee by vhag 1 have written in the Chapter of Currants. 

Thirdly, whereas the great Maſter : piece and Myſtery of Va; , 
vigation. lies in the diſcovery, of the true Long ii cas of. places, 
chere are ſeveral things, (which being diligencly obſerved by this 
Col edge at home, and other Sea- men abroad, and their Obſer- 
vations communicated and compated) by which the true, Lon- 
gitude of all places may in a ſhort time be found out and deter- 
mined. And not onely ſo, but there is great probability they 
may be brought to ſuch a method, that by ſome ſingle .Obſer- 
vations either at Sea or Land, you may come to know the Lon- 
gitude of any place whereſoever you are, within two or three 
degrees, which will be exact enough for the Sea- mans uſe; and 
more truth and certainty will be found out hereby, then any yet 
hath, been concerning the Longitude - places, any thing far 

diſtant fro m us, | "OY This 
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This though it may ſeem ſtrange unto you at rhe firſt hearing 
yet there are ſeveral wayes to perform it, So that though you 
may doubt of one way of obſervation, yet the other may con- 
firm and aſſure you thereof; So that theſe things well obſerved 
and practiſed will bring this Art to a greater perfection, then e- 
ver yet was hoped for. | 
As firſt for the knowledge of the Longitude of any place by 
Land, the way I would preſcribes this: If all Sea-men, in what 
part of the world ſoever they are, would but obſerve the true 
time of che beginning and ending of any Eclipſe of the Sun or 
Moon (which they may do by their ordinary Inſtruments) and 
would but communicate their Obſervations to this Colledge at 
their return home; by this means, in two or 3 years time, We 
might exactly know the true Longitude of all places through- 
out the whole world, and ſo have more exact and perfect Globes 
made thereof, then any ha ve yet been, or can be made if ſome 
ſuch courſe be not taken for the reforming thereof. 
Secondly, becauſe Eclipſes of the Sus and Moon happen but 
three or four times at moſt in a year, ſo that theſe Obſervations 
can be made but ſeldome, therefore there may be the like Obſer- 
vations made of the Conjunctions, Oppoſitions, aud Eclipſes 
(as I may call them) of the little Planet: which move round a- 
bout the Planet upiter, ſome whereof happen almoſt every day. 
This little New World, | confeſſe is lately diſcovered, and fot yet 
commonly known; neither is it to be diſcerned with common 
but by the better ſort of Teleſcopes, or Preſpect ive Glaſſes, 
but theſe Glaſſes being procured, the Obſervation is moſt plain 
and eaſie, and fitter for this purpoſe in ſome reſpects, then the 
obſervation of the Eclipſes of the Sun and Mon. Nay, theſe 
Corj unc ious and other Phaſes of thele little Planers are fo fre- 
quent, that when their motion is a little better known, and 
brought into a Method of Calculation (as it may and will Idoubt 
not ſhortly) you may by theſe Obſervations finde the Longitude 
of any place, eſpecially ſuch as are far diſtant, to the quantity of 
two or three degrees: Theſe little Planets being many times ſen- 
ſibly diſcerned: to meet and paſſe by each other in the ſpace of 
wo or three n a 2 There 
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There is a third thing may be made very good uſe of for this 
purpoſe, which is ſomewhat more pr acticaſ at Sea then any of 
the former; and that is the obſervation of the Vari ation of the 
Compaſſe. This being a thing already in uſe and obſervation a- 
mong Sea-men; will be ſo much the more familiar to them. And 
though ſeveral men ha ve had ſeveral conceits about finding the 
Longitude by the Variation, which have come to little or no- 
thing z yet if the Obſervations and Experiments of all skilful 
Sea-men were communicated to this Colledge, ſome good way 
(without queſtion) might be found out. thereby, which would 
much direct the Sea-man inthe knowledge of the true Longitude 
of any place. This way was began to be put in practice by the 
Lulcb, as you may ſee in Mr, Wrights Tranſlation of their Ha- 
ven finding Art. I he chief thing (1 conceive) that cauſed it to 
be laid afide was the alteration of the Variation, which was af- 
terward obſerved. But this ought rather to have cauſed the con- 
tinuance of theſe O. ſervations, and the publiſhing of theſe Va- 
riations, together with their alterations. For theſe alterations 
are not ſo much, nor ſo ſwift, but. that thoſe Tables of Va iation 
might ſerve well enough for 4 or 5 years without much errour. 
And then theſe 1 ables being continually renued and cor: eted 
according to the beſt and lateſt. Obſervations, they would be a 
great help to give a good gueſſe whereabouts you are, when you 
come to the like Latitude and Variation · And not onely ſo, but 
by the continuance of theſe Tables, and comparing the new with 
the old, you might come to ſee how faſt the Variation altereth 
or changeth in one and the ſame place, in any number of years, 
and ſo in time to come to know the manner of its motion, and 
the time of its Revolution, which would make the Experiment 
perfect, and be of great uſe in this Art of Navigation for the 
diſcovery of the Longitude. 

Fourthly and laſtly, (to name no more) there is a good way 
of obſerving the Longitude of places, either upon the Sea or 
land, by the ſwift motion of the Aon, if it were ordered as it 
might be for this purpoſe, This bath. been hinted at by Mr. 
, Ar. Linton, Dr, Rule,  Lingomontanss, and _ o- 
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thers, who have ſomewhat too ſlightly handled the buſineſſe: 
But with good contrivance the thing is very practical, and may 
be uſed with ſome eertainty. For the 1/00» having a very ſwift 
daily motion, of about 13 or 14 whole deg, each day; ſhe moves 
above 2 min. for every degree of longitude upon the compaſſe 
of the earth. Now the motion of the Moon being known ſo ex- 

actly already, that at any time by Tables you may calculate the 
place thereof-within 4 or 5 minutes, and it being eaſie to make 
an Obſervation at Sea, to the quantity of 4 or 5 minutes, and at 

land co- a minute or two; it is very likely and reaſonable, 

that by.comparing the Moons place found out by Obſervation- 


and Calculation together, the longitude of any place you are in 


may be found within a degree or two, which will be exit e- 
nough for the Sea-mans ule, eſpecial in far diſtant places, where 
two or three hundred leagues difference in their account, is 
ſometimes no great matter with them- 

By this little you may ſee the great Advancement which thig- 
Coledge may bring to this moſt excellent Art of Navigation; by 
theſe aad many other wayes, which may be found out, eſpecially. 
if there be a free correſpondency maintained between Artiſts at 
home in the Colledge, and ſuch as go abroad ; and without 
which this Art is never like co come unto-the full heighth, and 
deſired perfection, which will be a great blame and ſhame to 
thoſe who are any way concerned or imployed therein. And in- 
deed this hath been the generai fault of many, who have been 
skilful Artiſts, that if they finde out, or obierve any thing more 
then ordinary, they either through pride or covetouſneſſe keep 
it as ſecret to themſelves as they can, thinking to make a private 
benefit or gain thereby. Vea, ſome (worſe then theſe) ſor very 
envy, have burnt or caſt away their writings, that others might 
not have the benefit theteof. This hath been one of the greateſt 
hindrances of the advancemeut of all kinds of Learning that 
hath gr can be. Sothat were it riot for a few more generous and 
free-ſpirited men, to whom we are beholding for publiſhing 
their Obſervations and Experiments, we might have been as ig- 
norant of all Learning as the. moſt barbarous Nations in the 
World. . 
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World. But I hope the manifeſt advancement which will come 
by this Society, and their free and ingenious Communication of 
their Obſervations will ſtir up all generous mindes towards the 
erectiug and maintaining of ſuch an honourable and fare foun- 
dation for the advancement of this moſt excellent Art of Navi 
gation, Which is and ſhall be the hearty deſire and earneſt in- 


deavour of a 


Henry Phulippes. 
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To the Reader: 


The Ingenious and Free-hearted Sn A-MN. 


Have made ſomewhat a bold adventure, both upon your Alt and for your 
Art, but yet Ihope to come off well enougb in both: For as Ijdowbi not 
your pardon for the one; [0 (1 am ſure) it is your con cernment to be the 

biefeſt Party to promote the other. And though I have (perhaps ſomewhat 
tas raſhly) given the On-ſet ; yet it was not in confidence of mine own Skill or 
power to effect it; but onely to give you an Alarm, and preſent yon with a ſure 
and certain way for the accompliſhment of (that which I hope you all. beartily 
defire) the Advancement of your Noble Art of Navigation. 

I will not charge your Art with many Errours, they being long ſince corrected 

4 skilful hand: but yet none that have made any progreſs into this Art, but 
Pall fade and confeſſe, that it wants much of iti deſired perfection. For the 
aAccompliſi mant whercof I am [ure there it no better way then this I haue preſcri- 
bed, and which by your ſoynt Endeavouts might be eaſily effected. 
Among ſt che ſeſt there are two things which will chiefly conduce to this pur- 

paſe, The One is, to procure a Geod Method of the whole Art of Navigation 
to be publiſhed and eftabliſhed, The otheris, that you would communicate your 
Obſervations and Experiments, which would much help thoſe who ſhall under- - 
take the wark, and is the onely means to bring the Art to Perfection. 

Forthe firſt of theſe I have done-ſomewhat already in my Geomettical Sea- 
man, which bath found better acceptance from you then I expected; and that 
bath age. ere to preſent you. with another piece thereof, — ſome- - 
what of an higher nature then the other. For as that performed things by Geo- 
metry in 4 more true and exact way then formerly was known : this per forms. 
the [ame things much more exattly by Numbers, and yet without the trouble of 
Calculation. For here all your Mork is performed by new Tables which I have 
calculated for this purpoſe, which being as it were a large Quadrat or Tra- 
verſe-Table, all your Numbers here are caſt up to your band, ſo that the work 
will be as readily performed hereby, as by any little Inflrument , but far more ex- 
attly, and with leſſe danger of miſtaking the Numbers, 

Somewhat of this nature hath been. done already by Mr. Nerwood, in bis Sea- 
mans Practice : But whereas be-onely makes uſe of the Table of Sines, I have 
here ſbewed you the uſe alſo of the Tangents 4d Secants, which are both of © 
great uſe, eſpecially the Secants, theſe being indeed the chief Subject of this « 
Bogk. Ana ache ſhtws how to keep che account of a Ships way by the Table 
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of Sines after the manner of the Plain Chart ; ſo by theſe Secants I ſhall ſbew 
you bew to keep your account in any Laiitude, according to tbe True-Charr, 
and that without any Calculation, or without the help of Meridicnal 77183 
much better then with them, This as it is a "fs great aſe and ſervice, ſo (1 
think 1 may ſay) I am the firſt that cver thoug this way : and as it was 
ſome content aud pleaſure tome in the inventing thereof, fo I hope u will be 
much more uſejul and profitable to you in the * thereof. 

Beſides, I bave applied theſe Tables of Sines, Tangents, and Secants in ſuch 
a general way, firſt io the Dotrine of plain Triangles, and then particularly to 
many other concluſions, that you may aimoſt apply hem to any pu poſe, citber in 
Sailing or Surveying, with much eaſe and expedition. : 

The ſecond Pat of this Book ! intended but as a part or an Appendix to 
the other, but that ut is ſwelled ſomewhat too great to go under ſuch a denomi- 
naliov. In this the Subject handied is about the way of finding the true Moti- 
on of a Ship, athing as ncedjul as the former, or any other in the Art of Na- 
vigation. How I have acquitted my ſelf herein, Time and Experience will hel- 
ter mamfeſt : For many of theſe Concluſions are but propoſed for your trial and 
ayprobation : And yet I doubt uot but you will finde them vciy practical and 
profitable in your aHfaut. ; 

Be ſides theſe, I have ſomewhat concerning the uſe of Aſtronomy in Navi- 
gation almoſt ready for the Prefſe, which I hope will ſomewhat further the Ad- 
vancement of this Ait; and 1 have ſome thoughts alſo to make a collection 
about the Obſervation of Eclipſes, and of ibe Variation of the Compaſſe, and 
the other things mentioned in the Preface, for the better finding of the Longi- 
tude, But it is impoſſible for any one to perſect them, without be ſhould have 
a fr ee and general communication of theſe Obſervations from the moſt pait of 
Sea- men, which are beſt shilful in theſe things: and the work will never be 
done as the excellency of the thing requires, unleſſe it be performed by a Col- 
ledge, or ſome ſuch Society as I have preſcribed, whith 1 doubt xot bus 
ſome Gene ou Spirits among you, will take ſome courſe to bring to perſection. 

In the mean time, or if this Deſign ſhould not take its deſired effect, if any 
of you are ſo well minded for the Publique Good, as to communicate any of 
thefe kind of Obſervations, you may pleaſe to ſend them ſor mein writing to 
Mr. Hurlock, the Book-ſeller at Magnus- corner: and by the light 1 ſhall re- 
cerve from them, I ſhall be inabled by Collection to give the ſtronger reflection, 
whereby your ſelves may receive ſome profit, and be an happy means of the ad- 
vancement of this admirable and profitable Art of Navigation, which us 

aud ſhall be the Foy and Delight of 


Your Philo-nauticus 


HIT PHILIePss. 
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CHAP. I. 


Ing the Demonſtration , and general uſe of 
Shewing - 4 — 


Shall not here trouble my 
ſelfe or you with the defint- 

tion of thoſe common terms, 
viz,, Arches, Lines, Parallels, 
Perpendiculars , Angles, ei- 
ther right, oblique, obtuſe, or 
acute ; Which muſt needs be 
known to you already, if 
you have made any entrance 


ſtrate unto you what theſe terms Sines, Tangents and Se- 


into theſe Arts ; but yet it The demon- 
will not be amiſſe to demon- ſtrati 


Sines „Tangenta 


cants and Secants, 


The defect of 


* 


1 ** — 


The general uſe of the Tables. 
cants are , and how they ſhew the proportion between a 
ſtraight line, and the Arch of a Circle, making up al- 
wayes a right lined right angled Triangle: which this fi- 
gure will demonſtrate to you, better then many words can 
define and expreſſe. 


The Sines you ay fee 
are the parts of the Radi- 
us, or ſemidiameter D C 
divided unequally accor- 
ding to their proportion to 
the degrees or parts of the 
Arches of the Circle, 30, 
60, or the like. 

The Tangents are the 
perpendicular lines either 
erected or let fall at the 
end of the Radius, or ſe- 
midiameter of any circle. 
Thus D B upward, or DA 
downward, is the Tangent 
of 45 degrees to the Ra- 
dius CD. 


E 
5 
Tangent A Tangent 


The Secants are the floap lines C B or CA, which joyn 

The intent the ſaid Radius and Tangents together, making thema 

ef the Tables Triangle. And this is all che intent of the Tables of Sines, 

of _ Tangents and Secants, to give the true length of theſe lines 
genes an to any Arch of a Circle defired. 

; And this they would performe admirable well, if the 
the ordinary Radius or length of the line C D would fall out to be 
Tables of alwayes one and the ſame , equal to the Radius 
Sines, Tan- of the Tables, or any number chat bath a viſible 
genrs and Se- proportion thereunto, as 1 00, 1000, 10000, reo, 
— or the like; for then the Tables without farther trouble, 

would ſhew you the exact length of your defired line, ac- 
cording to your Radius angle given, without any 


crouble 
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trouble, but only cutting off a figure, or two, or three from 
the end there of. Shes: e iy 
But becauſe this very ſeldome happens, therefore for the The remedy 
moſt part men are forced to find out their defired numbers, which though 
by the proportion which rhey have to theſe numbers in the moſt xa; 
Table; making ſometimes one of thoſe lines ſtand for the — Dlefon : 
Radius, and ſometimes another: For any of the three ICT 
lines may be made to ſtand for the Radius, and the other 
ewo lines will be either Sines, Tangents or Secants thereto, 
and the proportion will alwayes hold, 


: 
* att... * ** 


2 


As the Radius of your Table, 1000, 100, or 1000c0 parts, 
To the length of the line which you make the Radius; 
'So is the Sine Tangent or Secant of any angle in the Tables, 

To the length of the line required. 


And thus by the Golden Rule of Three , (as ſome call 
it,) or the Rule of Proportion , ſome ofthe parts of a Tri- 
angle being known, the other may be found ont thereby. 

But theſe operations as they are unknown to ſome , 
they are ſometimes troubleſome to thoſe who are beſt 
skilled in Arithmetick , eſpecially when the Radius of the 
Tables is larger then it need be; and therefore ſome for 
their eaſe — — — 3 of Artificial num- 
bers or Logarithms, But though the Logatithms are of Theſe 1 
v = aſe in Spherical Triangles, where both the ſides, arc — — 
— 4 e angles are meaſured by the Arches of a Circle; dy and eaſie 
yet in plain Triangles you may as well, or better performe hen the Loga- 
this, by natural numbers: For while you look out the Lo- — © Ns 
garithme of your fides (which you need not do, if you (me in theſe 
worke by natural numbers,) you may as ſoon reſolve your plain trian- 
angle, by one Multiplication or Addition, if the Radius gles. 
of your Tables be not too large, which in moſt of theſe 
queſtions need not exceed 10000. 

And therefore for the proof and explication of the fol- 
lowing way, 1 have in the end of the Tables, added a brief 
Table of Sines, Tangents and — in Natural _ 

2 - 


*» Ai 
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Theſe are in 
effect 100 ſe- 
veral Tables 
to an 100 ſe- 
veral Kadii. 


(being ſomęwhat ſcarce to be had ene which Ta- 
ble is calculated to every degree, and tenth Centeſme, or 
$xch minute of the Quadrant , and by the differences ad- 
ded,you may find any angle to a minute or hundred part. By 
which Table if you pleaſe you may ſometimes work your 
queſtions , by which you ſhall better ſee the nature of the 
work, and examine the tcue performance thereof when you 
doubt of any thing. | 

But the way of theſe my new Tables is much more 
ready then any of theſe wayes. For I have calculated theſe 
Tables to every whole degree of the Quadrant in ſuch a 
manner, that they anſwer to any Radius from one to an 
hundred expreſſely and exactly, without any further trou- 
ble, but onely opening the book and turning to your angle 
or ſide deſired. For they are indeed an hundred ſeveral Ta- 
bles all joyned in one book, And though the greateſt cx- 
preſſed Radius doth not exceed an 100: yet this number 
of an 100 is as great a number as you need put for any 
Radius in moſt of theſe queſtions. And if at any time your 
Radius needs to be greater, it is but adding two of theſe 
aumbets together, ſo you have the like for any number un- 
der 1000 or 10000, 

For Example, take this propoſition which is the moſt or- 
dinary and uſefulleſt in the practice of Navigation, viz. 
By the Rumb and the Diſtance , to find the difference of 
B C latitude and longitude. Thus 

let diſtance ſailed be AC 100 


36-6 miles, and the Rumb or an- 

gle at A, North Eaſterly 60 

a degrees: and therefore the 

85 460 angle atC is the complement 
Fd thereof or 30 degrees, & it is 
defired to find the (ide A B, 


A which is the difference of la- 
titude,and the ſide B C,Which is the difference of longitude. 


To performe this the ordinary Rules are thus, 


As 
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As the Sine of the Angle at B, ſine go d. 10co0, 
To the fide oppoſed thereto, fide A C ico. 
So the Sine of the angle at C, ſine 30 d. 5, 
To the ſide oppoſed thereto, ſide AB 50, 
So the difference of latitude is 50 miles or minutes, 
Then for the difference of longitude, 
As the ſine of che angle at B, ſine 90 d. 10000, 


To the ſide oppoſed thereto, A C 100, 
So the fine of the angle at A, ſine 6 d. 8660, 
To the fide oppoſed thereto, BC 86.6. 


So the difference of longitude is 87 miles or minutes fere, 


You ſee here the trouble that there is to find theſe ſides, 
which cannot be avoided though the numbers were leſſe, 
or though (as I ſaid before) you ſhould work by Loga- 
rithmes; Onely in ſuch a caſe as this, the ſide A C which 
is the Radius being juſt 100, and ſo bearing a plain and vi- 
ſible proportion to the Radius 10000, being all one with 
it if you cut off the two laſt cyphers ; So hkewiſe the o- 
ther two ſides, have the ſame proportion to their oppoſite 
ſines , being. all one with the (ines thereof in the [ able, 
onely cutting off the two laſt. figures; and thus they ſhew 
the ſides to be 50, and 86.6, or $7 fere, which would 
much ſhorten the work, if it would often, or alwayes fall 
out ſo, but this ſeldome happens, and cannot be expect 
ed, in the uſe of the ordinary Tables, which are limited 
and calculated to one onely Radius, of 1000, 10000, or 
tooooo, or the like. 


But now theſe my new Tables, are calculated to any The way of 
Radius whatſoever , being expreſſe and exact from 1 to working by 
100, (and may be made to ſerve very well to 1000, or cheſe neu Ta- 
10900 , With a very little more labour, as you ſhall ſee bles. 


preſently,) ſo that let your Radius be what number ſoe- 
vet you have occaſion to uſe, you need only find out yout 
ang „or any one of the angles at the top of the leaves, 
and your number of diſtance m the ſide or margent of the 
Table, and in that line under the ſaid angles hr 


cants, which 


end of theſe, 


The way of 
working by 
the ordmaiy 
Tables of 
vines Tanc 
gents and Se- 


is abreviatcd 
and ſet at the 


1 ables, 
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find there both your ſides together, ready caſt up to your 
hand, without any further trouble. For in thoſe right an- 
gled triangles , the two acute angles being alwayes the 
complement of each other, the ſides go alwayes both to- 
gether , as their angles do, which are therefore fitly term- 
ed Coſines. 
Thus in this Example, if you turne over the Tables till 
you come to the angles 60 d. or 30 d. which are both to- 
ther, and look down the ſide or margent for your di- 
ance run, which was 100 miles; which you ſhall find 
at the bottome of the right hand page; you ſhall find 
in that line under the title of ſines, thoſe foreſaid Num- 
bers, $6.60 parts for the one ſide, and 50.00 parts for 
the other ſide, according to the former calculation, 
And thus you ſhall alwayes find your numbers ready 
Mark theſe caſt upto your hand, let your Radius or given fide be what 
Rules well for jt will under an 100. For inſtance, 
they are of 
great uſe, : N. pio. N. ptr- 
The Radius or 20 The one 17. 32 The other 10. oo 
the fide AC 30 fideis 25.98 fideis 35.00 
being 40 34. 64 20, 00 


If your Radius be more then 100, yet if it have a Cy- 
pher in the laſt place, it is but altering the places of the 4 
gure in the Table, ſetting the latter figures a place for- 
warder, and putting a Cypher at the end thereof. Thus, 


N. pts. V. pts. 

The Radius 200 The one 173.20 The öther 100.00 
being 300 ſide is 259.80 fideis 150,00 
400 246. 40 200.00 


Or elſe at the moſt it is but taking your numbers ont at 
twice, and adding them together. Thus if your Radius 
were 153. 


* 


Firſt, 
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N. pts. N. pts 
Ficft,for 100, The one fide is 86. 6o The other fide is 50. oo 
then for 55 47. 63 27. 50 
which added together make 134.13 77. 50 


This parting of the numbers in the Table in the midſt is 
of great uſe, for the marginal Radius being but to too, 
the firſt part of che number in each columne, anſwers ex- 
actly to the ſaid Radius expreſſed in the margent in whole 
numbers or Integers, and the two figures following, is 
onely a Decimal fraction, or rather Centeſme thereof, for 
the more eactneſſe; becauſe the firſt number very ſeidome 
falls out exaRtly in wbole numbers to any of the ſaid Ra- 
dii. And therefore I have titled all the columns thus 
N. pts. the N ſhewsthe whole numbers or Integers of your 
Summe or Meaſure , and the two laſt figures the parts or 
fraction thereof. 

Now though it be the beſt way to reckon the way of 
your Ship in Degrees and Centeſmes or 100 parts: yet 
theſe Tables will ſerve for any other way of account either 

by Sea or Land, though yon reckon by leagues, Miles, or 
Minutes, Chains, Poles, Fathams, Feet or Inches , or any 
other meaſure whatſoever. Alwayes obſerving this rule, 
that took what ſort of meaſure ſoever , the number which 
you look in the margent is of, according to that meafure,in 
the firſt part of the number in the columne ſhews the whole 
leagues , miles, &c. and the two lait figures ſhews the fra- 
Rion thereof in 100 parts. 


Degrees 


Miles or parts of the Miles or 


Thus if Minutes [Tabular Minutes 
— _ Centeſmes 5 numbers Centeſmes 
$104) nun ſof a degree & under the of a degree © 


ber or Ra 


Why the num 
bers in the Ta- 
bles are all 
parted in two 
parts. 


[Degrees and their 100 parts 
Leagues Then the 2 Leagues and their 100 parts 


5 and their 100 parts 


7 and their 100 parts 


4 Poles titles of N. Poles and their 100 parts 
* athams and pts, Fathams and their 1 o parts 
Feet mo for [Feet and their 100 parts 
[aches 


'nches and their 100 parts Any 
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How to make 
the Tables 
ſerve to any 
Radius under 
I 0000, 


Any of theſe Jntegers and parts you may uſe readily 
without any Reduction; yea though they are fractions of 
fraQions,viz. 100 parts of 100 parts, yet they may be added 
and ſubſtracted, as if they were all whole numbers, onely 
by placing them a place or two forwarder, which is a great 
caſcin the way ofcalculation. | 

Thus, for Example, if you reckon your Ships way in De- 
grees and Centeſmes of a Degree; the firſt part of theſe 
numbers will ſtand for degrees, the latter part for Cen- 
teſmes; but then for exactneſſe you will have many times 
the 100 parts of theſe Centeſmes fall in, which yet will be 
without any trouble, either taken in or left out: whereas 
other fractions require reduction. On the other ſide if you 
reckon yonr ſhips way in Centeſmes , and their 100 parts; 
in the addition of your Numbers, theſe Centeſmes will 
make degrees, whoſe number you will may plainly ſee 
without any reduction. 


Thus the angle being 30d, The angle being 60 deg? 
the fine of 545 Centeſmes, or the ſine of 5045 Centeſme, 
o d. 45 Centeſmes. or 50d. 45 Centeſmes. 


D. C. pts. D. C. pts. 

e deg. is 433. 5 odeg. 25-00, 
45 Centefmes 38.79 45 Centeſmes 22. 50 
4+ 71. 79 25. 22. 50 


By this yon may ſee the Tables will ſerve to any number 
almoſt you pleaſe , but with exactneſſe to any number un- 
der tooco; for if you part your given Number or Radi- 
us in two parts, taking ſtill two and two figures together, 
the Tables will give you the Sine , Tangent or Secant of 
that Radius. | 


Thus 


ms 


99. 00 4950 
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Thus the Radius being 9999, and the angle 30 deg, 


The fine of 30d. , The Tangent of zod. The Secant of 20 d. 
For 99.00 85 74 99.00 57 16 99,00 114. 31, 
For 00.50 85 74 (oo. 99 57 16] 00.99 1. 14. 21 

80 59 74 57 73 16 115. 45. 31 


Which numbers you may cloſe in the Addition, and 
caſt away the two laſt figures, as a fraction of ſmall value, 
eſpecialiy if it be leſſe then 50; and if it be more then 50, 

ou may adde one to your Number for it, thus theſe num- 
ers will be 8660 fere $773(16 11545 (31. 


But here will be all the difficulty, that theſe numbers Note this well 
ſometimes having two figures in both parts, and ſome- for you muſt 
times three in the firſt , you muſt be carefull how to part have care in 
and place them, as you may ſee by the laſt fore-named placing the 
Secant. The beſt rule I can give you is this, that alwayes 9umber?, 


when your number bath 4 figures and ſo you take them 2 
and 2, the number of the two litter figures, muſt be ſet 
ſo, that the two laſt figures thereof muſt ſtand quite be- 
yond all the other figures of the firſt number . and the reſt 
of the figures muſt be placed in their order under the fisſt 
number, and thus doing: it is no matter whether you 


keep them apart, as they are ſet down in the Tables, or 


ſet them cloſe together, as here, and as 1 ſaid before, you 
may cut of thoſe two laſt figures, from your total ſurame 
as a fraction, or adde one Integer tothe fore-part of the 
number when itis above 50, and ſo it ſhall beagrceable 
to your Radius. 


Thus the Radius being 9999 and the angle 60 d. 
The Sine The Tangent The Secant - 
99.00 17146 99.00” 19800 


00.99 4950 00.99 - 17146 "00:99 T9800 


19998 o0 
if 


— — — 


4999-50 


1737.46 
C 


as =y 
= = - OT 


nw Thegaranſed theTables, © 

— moſs the If you have occaſion to uſe a Radius that oo five or 

tables ſervet9 fix places , yon pay take ig out at thricg » obſerving the 

— % ſame rules, and * the laſt namber, one ah. for- 
oY warder for five figures, and two figures forwarder for fix. 


Thus the Radius being 99995, the angle 60 d. 


The Sine The Tangent The Secant 
For 99.0.0 49350 17146 19300 
For co,9g.0 4950 17145 1 9800 
For 20.00.-5 045 Q866 1899 


— — — 


49999-50 173183.26 1 9 


Agood bort Or in theſe large numbers, though your Radius have 5 

Ruler to ſare gr 6 figures, yet yqu may take out your number at twice 

muek.crouble. for the four ficſt figures, and either neglect the laſt figure 

or figures, ar if they be above 5 or 50, add a unite to t 

two former figures for them. | 5 

And thus you ſee that though the matginal Radius of the 

Tables runne but to 100 yet they may very well ſerve to 

any Radius under 10099, or 100900 ,, which will be as 
great (or . then you need to uſe at any time. 

But yet chere is one ige theſe Tables may ſeem defeRive 

in» and that is, becauſe they are caſ up one to whole de- 

" «grees of the Quagrant ; So that if you have occaſion to 

od cheſe things, far the halves, or quarters, or minutes, 

or Centeſmes , or any other parts of degrees, you are then 

venta; to 9 — W ngy ſeem the more conſjderable, 

auſe the angles of the Kumbes ſeldom happen to be juſt 


{ 
an Apology ole degrees. 
ſnewing the Though this may ſeem ſomewhat conſiderable in con- 
reaſon , why ceipt , yetin effect and practice it will came to nothing. 


he Tables 4 
—— a eee is fo ſmall a part. upon the Sea-mans, Com 


even degrees; Pafſe g chat it is imp {ible ta ſteer 2 ſhip ſo direRtly , that 

and not to 4&-ſhall keep. tothe true paigt you reckon 75 ſo exactiy, 

Kumes and but that yon may miſſe a degree or two G nor more) if 

quarters. vou be not the more carefull therein. And een 
| | Wi 


Mt. 


will be exaR enough for your account, if you ec kon up- 
on juſt and even degrees, t that degree which is neer- 
eſt either under or over, and it there be any odd minntes 
or parts of a degrees in your angles, you need regard them 
no farther. 

But whereas the Rumbes and their halves and quarters Yer the Rumbs 
ſeldome happen to be juſt eren degrees, and therefore it and quarters 


might be thought more convenient to have calculated | on Gan 


the true quan- 
tity of their 


true degree of your courſe from the Meridian, reckooni 

it to be Northeaſt or Southeaſt: Northweſt or Souchwelt 

ſo many degrees, taking ſtill that degree which is neereſt 
either under or over, and ing the odd minutes or 
parts ; and if you be careful herein that there be no other , 
error then theſe odd minutes will make, your account ( 
dare warrant you) will be exact — 

But yet, I confeſſe,it would be better in ſome caſes, 
where the angles are more exactly known, if theſe Lables 
were calculated to ſome intermediate parts. Bur this would 
make chem increaſe to fo great a volume, that few would 

- 2 ge 
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goe tothe price, Forif ſhould be calculated but to 
every ſixth minute, or tenth part of a degree, this would 
make them ten times more then they are, which would 
take up 120 ſheers of paper in this figure. But yet becauſe 
I would make theſe Tables as exact and uſefull as I could, 
J have bethought my ſelfe of a way which ſhall almoſt as 
well performe this, without any ſuch increaſing of the 
Tables; and this is by ſetting down the differences be- 
tween each degree,for every fifth Number or Radius,which 
differences are ſo ſet in. the parting of the columns that 
they take up little or no roome, and if you carefully pro- 
portion them thereby, you may performe this buſineſſe 
very exactly: but if you be not carefull, you may make 
your errour worſe by your eurioſity, and therefore for your 
better direction herein, take theſe inſtructions. 

, Firſt, that theſe figures, thus placed, ſometimes up- 
Theſe tranſ- ward and ſometimes downward , expreſle the difference 
verſed figures which is between the degrees wherein they are placed and 
thew the diffe- the degree in the leafe following or preceeding ; and not 


rence berween hetween line and line: For that is needleſſe to-ſhew, be- 
dach degree, 


ing better found by the alteration of the Radius, for if you 
obſerve the firſt line of each degree, that ſhews the diffe- 
rence between line and line, the Table being made by a 
continual addition of that firſt number. n 
| Secondly, that this difference here ſet down, belongs 
Theſe diffe- properly to the middle number of that ſpace wherein it is 
rences be long placed: but yet will ſerve well enough for any of the other 
— ye bay in the ſaid ſpac? , if the difference between that and the 
number of che dent ſpace be not too great, and then if you-will beſtow 
ſpace. the paines you may proportionit. | 
Thirdly, theſe differences are parted into two parts by a(.) 

The differen · or point, upon the ſame account which the numbers in 
ces are parted the columns are parted; ſo that the firſt figures or part be+ 
iato Numbers fore the point ſtands for whole numbers, in reſpect of the 
— Pn, Radius; and the other figures after the point, ſtands for 
— the hundred parts thereof. 

4 Fourthly, theſe differences for the moſt part reſpect — 


— 
jo CE 


— 
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following degree , according to the ſucceſſion of the num- Theſe diffe- 
ber of the degrees in the Table ; and therefore they are pla- *<2ces moſt 
ced ſometimes looking downward, and ſometimes lookng * 
vpward , according as the degrees ate forwarder or back- — 
warder in the book. For as the one halfe of the degrees, which! = 
from one to 45 goe forward, ſo theſe differences therein look. : 
look downward , and reſpect the following degree , both. 

according to their number and place in the Book. Bur 

then at 45 the degrees of the Table turn back again, and 

ſo run backward to 90 degrees, and therefore in thele the 

differences are placed to look upward , or as it were back- 

ward in teſpectof the Book, but yer are forward accord- 

iog to the order of the degrees in the Tables. 

Fifchly , look which way thoſe differences look, they u 
are moſt properly to be added to the parts or minutes of the n 
next degree that way ſo that if they look downward , they added hen _ 
mult be added tothe degree in the following leafe ; if chey degree — 
look upward, they muſt be added tothe degree in the forego- vÞich they 
ing leafe of the Book: but yet you may ſubſtract them (with · look; and ſub: 
out much errour) from the degree from which they look. rated Wee 

— — wo columns of Sinesthey are placed ſome- _ 1 
what ot erw i e, then they are in the Tangents and Secants, . 

(lo that they are to be ſubſtracted, as the — inerea ſe;) RIES 
yet thaformer rule concerning them, holds good in theſe muſt be added: 
alſs , that they mult be added or ſübſtracted to or from n tothe 
that degree toward which they look; ſo that if they ok rare Oy 
downward, they muſt be added to the degree in the fol- — Table, 
lowing leafe; and if they look upward, they muſt be ad- B 
ded to the degree in the fore- going leafe , though it be 

contrary to the order of the number of the degrees. 

Seventhly , as this difference mut be added to the de- Th. a; 
grees wherein they are, hen they look forward or down- — p 
ward; ſo they muſt be ſubſtracted from the degrees in ſo — 
which they are, when they look upward or backward. ned that i 
And this Subſtraction though it ſeldome or never is uſed in wen be added 
the Tangents or Secants; yet in the Sines both mutt be con- 2 — 
ſtantly uſed; and you mult ordinarily ficſt begin with Sub- their aſſeck 


ſtraction without any er- 
F L158 
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ſtraction. For theſe two columns the Sine and Co- 
fine of your Radius, if the one be , the other 
muſt needs be longer, the Radius beiog the ſame. There- 
fore your firſt ſide, or that which lies under your angle, 
being alwayes the ſide of latitude, if that be to be ſub - 
ſtracted from; then on the contrary ; the other fide being 
the ſide of longitude , muſt have a proportional addition 
c to the difference — — the three ſides 
may make up a perfect right angled Triangle. 

is is the hardeſt — of this work for the proportion- 
ing of theſe Tables, and yet the moſt uſefull, and there: 
fore I'fhall make this, and moſt of the reſt plain by this 
Example. | 


— 


55147 24129 33, 


— 


* A _— 1 


Maeve the Tale. 


Let vou angle at 
Number of vod, R 
ET 


53, and it ig required 


Ade 32 deg. and ag halle , and the 
jus or Fe 7 
Firſ},thele Tables ſhew you (as you may ſee by this peece 


» thereof). that if your, angle were juſt 30 degrees, the num- 
Wet your Radius or (ide. being 53, the longeſt ſide 
ould de 45-99 parts, and che ſhorteſt ſide, 26. 50 parts. 
But in the n beeauſe your angle is not juſt 30 
57 hut 3 0 deg. and an halfe, if you will proportiou theſe 
ſides, according to the difference between this degree 
and the next, which is 31 deg. you (ce the difference for 
this ſpace of the Table at 53, in the one column is 0.46, 
which muſt be ſubſtracted, becauſe it looks upward from 
the following degree. Now the half of this being 0-23 45- 99 
parts, being ſubſtracted from 45.99 parts, there remaines Sub. 23 


45.67 parts for the ſaid ſide correced- 


On the coatracy, the difference of the Coſine in the o- 
ther column being o. S parts, which Jooketh downward, 26. 50 
muſt be added to the other ſide, che halfe therefore of ad. 40 
this difference being 40 , mult he added to the other ſide 
which is 26.50 parts, which makes ic 26.90 parts. And 
thus you have exaRtly the two ſides belonging to this Ra- 
duns 53, and the angles 30 d 1 and 59 d. 4 viz 45-67 
parts, aud 26 90 parts, as you may ſec plainly if you 


compare it ich the following leafe. 


And as bere you fee the way of worke for an half de- 
gree, ſo you may do the like for a third, or a quarter, or 
a tenth, or any other part of a degree, proportioning the 
difference ia che Table accordingly : and if you will be 
ſa curious , by the Table of Proportion (following all the 
reſt of the Tables): you may. almoſt propartion it to a mi- 
nate, hut very readily to 3 minutes, or 4x5 parts of a de- 
gree. And thus thoſe differences being fitly applyed. will 
make the Tables asexa& and ulefyil, avif they were cal- 
culated to every tenth part of a degree » and fo increaſed - 


ten times more in bulks, 


Laſt: 


45. 67 


26. 90 
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Note this well 
for it will 
much help in 
all the reit. 


'- Laſt of all, if the proportioning of theſe differences ſeem 


too troubleſome, in moſt queſtions of Navigation you 
may wholly negle& them; Or at the moſt all I would wiſh 
you to do is thus, that when the differences come to be 
great, ſo that they may alter your number, an Integer, 
or two, then you may take notice of theſe differences and 
proportion them according to the former rule: Wherein 
alſo the Tables themſelves , will direct you when to adde, 
and when to ſubſtract; if you turne but over the leafe, 
and ſee whether the next degree be more or leſſe, inthe 
coweſpondent place thereto, And this is the ſureſt rule 
of all. | 


O— 


CHAP. II. 


Shewing the general uſe of theſe Tables, inthe 
reſolution of all rig ht lined Iriangles. 


Efore I come to the calculation of theſe Triangles,give 
Bu. leave toſhew you ſome geheral obſervations , for 
your better underſtanding , and proceeding therein. 

1 A Triangle is a figure conſtituted by the conjunction, 
connexion, or interſe ction of the three ſides or lines 
thereof, in the three angles or meeting places thereof, 
So that every Triangle hath ſix diſtinct parts z viz. the 
three ſides, and the three angles. 

2 The angles of a Triangle are meaſured by the Arches 
of a Circle; which is ordinarily divided into four Qua- 
drants ; each Quadrant having ge degrees, and each de- 
gree 60 minutes, or 100 Centeſmes, and according to the 
quantity of theſe arches , they are called either Right an- 


gled or Oblique angled Triangles. 


3 A Right angled Triangle, is that which hath one an- 
gle thereof (and it can ha ve but one angle neither) equal 
to the Quadrant of a Circle or juſt go degrees: All o- 
thers are oblique angled Triangles. 4 
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4 Oblique Triangles are either acute or obtuſe. If they 
have all their angles leſſe then Quadrants, then they are 
acute angles; if they have one (and they can have but 
one) angle greater thena Quadrant , then they are called 
obcuſe angled Triangles, 

4 The three angles of any right Triangle are equal to 
two Quadrants , or halfe a Circle, being 180 degrees: So 
that any two of theangles being known, the third angle is 
the c omplement thereof to 1 $0 degrees. 

5 This is ſomewhat more readily found in a right angled 
Triangle; for there the right angle being a quadrant or 90 
degrees, any one of the acute angles being known; the 
other is the complement thereof to go degrees; Now 
theſe and all moderne Tables of Sines, Tangents and Se- 
cants areſo framed that they proceed forward only to 45 
degrees, being halfe the quadrant ; and then they turn 
back again till you come to go degrees, by which meanes 
you have the acute angle ; and the complement thereof to 
90 degrees alwayes joyned together, without any farther 
trouble, which are therefore fitly by Mr. Gunter and o- 
thers, called Coſines, and Cotangents. 

6 Ifa . then go degrees, (and ſo not 
to be in the Tables, ) take the complement thereof to 
180 degrees, and work by that, and your work will be all 
one · Gr elſe (as theſe Tables are framed) you may uſe the 


Coſine, or Cotangent of the exceſſe above go deg. which 


is all one with the complement of 180 degrees. 

7 The ſides of any plain Triangle may be meaſured by 
any meaſure or Scale of equal parts, as Inches, Feet, Yards, 
Poles, Miles, Leagues. 

8 Any three parts of a Triangle being known, the o- 
ther three may be known thereby; unleſſe it be the three 
angles onely of a right lined Triangle, and then the pro- 
portion of the ſides may be found though not their length. 
Now chis finding of ſome parts ofa Triangle by the other is 
very neceſſary , For ſometimes you may come to meaſure 


the ſides of a Triangle, and have no Inſtruments to take 
D 
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the angles at other times you may ohſerve the angles, and 
cannot come t#-:mealyro the ſtden; Nom herein fome 
kind of calculation is very neceſſary; and from hence ari- 
ſeth the ſeveral caſes of 4 Trigngle, as ſometimes two 
ſides are known, and but one a ; ſometimes two an- 
gles are given and but one ſide, dc. A 
In moſt of which caſes, this is a general rule, that the 

ſides and angles, have a mutual proportion esch to the o- 
ther; ſo that they are known by their oppoſition one to 
another; which obſerved, will reſolve moſt caſes in Tri- 
angles. For this is true in all Triangles, 


As the Sine of — Angle, 

Tothe parts of the fide oppoſed thereunto: 
So is the fine of any other Angle, 

To the parts of the — oppoſed thereunto. 


As the parts of the ſide of any Triangle, 
To * Sine of the Angle oppoſed thereto : 
So the parts of any other {ide of that Ttiangle, 
To the Sine of the Angle oppoſed thereumto. 


9 There is ſome difference among Authours in the de- 
nomination of the three lines of a right angled Triangle. 
Some call the ſloap fide the Baſe ; and the other two lines 
the greater, and the leſſer fide. Others call the lower 


of the two ſides, the Bafe ; the other of them, the Per- 


pendicular ; and the floap ſide Hypothenuſal. It is no 
great matter which way you call them, ſo you underſtand 
which you meane ; Hut in the Art of Navigation, it will 
not be unfit to call one of theſe ſides the Parallel fide , or 
ſide of longitude; the other the Perpendicular fide, or 
ſide of latityde; and the Hypothenuſal the ſide of DF 


ſtance. - 


Thefe things premifed , I ſhall briefly run over the ſe- 
veral Cafes of right lined Triangles , joyning two Caſes 
together, becauſe theſe Tables will performe two or — 

ng3 
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things very well together. And I ſhall ſhew you how to 
do this two wayes , firſt by the ordinary Tables of Sines, 
Tangents and Secants, whichis abbreviated, and joyned 
to theſe new Tables: or if you pleaſe, you may work 

by the Tables of Logarithms; either of which, the rules 
will agree to; And then Iſhall ſhew you how to perform 
them by my new Tables ; whereby you may the better ſee 
not onely their caſe and readineſſe, but theit᷑ ſufficiency and 
exactneſſe. 


1 Caſe. : 
The anglesand Hypothenuſal given  j 
To find both the other ſides ; 
The fide A C is $2, the angles at A 
and C 30 d. and 60d. 
To find this by calculation, the 
rule is thus, x 2 


As the Radius or whole ſine, 

To the Hy enuſal 3 
So the ſine of either of the angles, 
To the ſide oppoſed to the ſuid 4 
angle. KI l 


Thus as R 10000to AC 82 :: ſo fine 30 d. oo, to BC 41. 
And as R 10000,to A C8 f ſo ſine 60 d. 866 to AB 9x, 


To performe this by theſe Tables. 0 


Turne to either of the oblique angles, eicher ; 0 d. or 
60 d. (for you ſhall fiad them both together, che one 
being the complement of the other,) and look down the The work by 
margent of thas, lese f till you find: the. number of your cheſe Tables, 
Hypatheanſsl A C 82 , and inthat liae under the aid fines 
you ſhall find 71-01 parts, for the one ſide , and 41.00 


The work by 
calculation, 


| Parts for the other ſide. | 


Here, take notieethazin theſe Tables 2 the groare ide Cuunion, 
| 2 


Thereſulution of L Triangle 


By calcula- 
tion, 


By theſe Ta- 
bles. 


falls under the leſſer angle, and the leſſer ſide under the 
greater angle, 71. oi parts, being under the angle of 30 d. 
and 41.00 parts, under the angle of 6o deg. which ſhould 
not be, for the greater angle doth alwayes require the 
greater ſide. But this is no fault in the Tables, they be- 
ing thus tranſpoſed on purpoſe upon good reaſon, as you 
ſhall ſee hereafter , and it is to be underſtood alwayes that 


the greater angle requires the greater ſide. 
The 2 and; Caſes. 


2 Caſe By the angles, 
and one of the ſides; 
do find the other ſide. 


3 Caſe By the angles, 
and one of the ſides; to 
find the Hypothenuſal. 


formed by the oppoſition of the ſidesto the angles, as be- 
fore. But it is better to performe it by the Tangents and 
Secants. Thus the ſide given AB 71, being made the 
Radius; the ſide B C, will be the Tangent thereof; and 


the Hypothenuſal A C will, be the Seca ut thereof, . . 


So that as the Radius 0 -. |; - 
To the ſide of A B71 
So the T of 30 d. $774 


To theſide BC | 40% 
And to likewiſe is the Seca nt of 30 deg, 171, 


- + 0e che Hypothenyſal a * . 81.9837. 
To performe this by the Tables, Find out your Center 


angle at A which is 30 deg.” in your Tables, * | 
. | own 


 Thereſolatien of Plain Triangles. 
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nne... 


down the 


t of the leafe, till you come to the num- 
ber of your ſide A B which is 71; and in that line for the 
Tangent of zo deg. you ſhall find 40.99 parts, andalſo 


in the ſame line for the Secant of 30 d. you ſhall have 
sr. 98 parts, which is the juſt length of the two fides be- 
ing 41, and 82 very neer, according to the figure. 

The like you ſhould find if the fide C B were the Radi- 
us; For finding this ſide C B 41 in the margent, the Tan- 
gent of the angle at 60 d. will be found to be 71.01 parts, and 
the Secant of the ſaid angle of 60 d. isjuſt 82,00 parts, which 
in effect is the ſame with the other. ä 


The 4 and 5 Caſes. 
The 4 Caſe. By the two ſides, to find either of the 
angles, - | 
The 5 Caſe. By the two ſides to find the Hypothe- 
nuſal. In the former figure, 
Making the ſide A B the Radius, 
As the one fide AB 71 
Tothe other fide B C 41 
Sothe Radius I 9000 


Tothe Tangent of the angle C 3 0. 5775 


| Maltiply 4t, by roooo, it makes 410000, which is the 
Tangent of 30 d. ferè. | 
Thus you have the angle at A. But for the ſide A C 
you muſt work again by the 3 Caſe, and find it by the Se- 
cant. Orelſe you may find it by adding the ſquares of the 
two ſides together, and ſubſtract the root thereof, and it 


is the Hypothenuſal. 
The Square of 71 is 5041 
Ie Square of 41 is 1680 
Which together makes 6722 80 70 
n : . -* Whit) 


By calculati> 


on, 
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Which is the Square of 82, or very neer; the true Square 
being 7624. | 

But this is far more readily performed by theſe Tables, 
as thus, you muſt conecive the ſide AB, being the Ra- 
dius, the ſide B Cis the Tangent, and the ſide A C is the 
Secant of the center angle at A. Therefore turn over the 
leaves of the Table, ſtill obſerving the Radius which is 
71 in the margent, till you find the other number which 
is 41 , under ſome one of the 1angents, which you ſhall 
find under the Tangent of 30 deg. here againſt 41 in the 
margent, you ſhall have 40.99 parts for the Tangent, 
therefore the angle is — neer 30 degrees. 

And thus having found the angle of the Tangent ſide 
to be 30 deg. look in the ſameline for the Secant of this an- 
gle, and you ſhall find 81.98, or 82 ferè, for the Hypo- 
thenuſal A C. Thus neglecting theſe ſmaller fractions, you 
ay conclude the angle is 30 deg. and the Hypothenu- 
al 82. 
The ſame you ſhall find if you made the ſide B C 4x the 
Radius, for againſt 41 under the angle 60 you ſhall find 
the Tangent to be 71.01 parts, or 71 very neerly, andthe 
Secant thereof is 82.00 very exactiy. 


The s and 7 Caſes. 


6 Caſe. One of the 
ſides, aud the Hypotbe- 
nufal given, to fiad the 


7 Caſe. One of the 
ſides, and the Hypothe- 


nuſal, to ſind the gaber 
ſide. 


This by calculation 
muſt be performed at two operations as before, firſt, to find 
the angle at the Center A, then to find the ſide CB oppoſed 


thereto, as thus, | 
As 


n _ Qu mͥm e 


Wee e e. 


— . * 4 
_ = 
9 
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As the ſide A B 71 
To the ſide A C 82 
So the Radius 10000 


To the Secant of the angle 30 d. 11 549 


: Multiply 82 by 16600 it is 8 2000 * which divide by 71 i 


the quotient is 11 549 the Secant of 30 d. fert. 


Thea the ſide B Cis the Tangent of chis angle as in the 


Caſe. 


Or elle ſubſtract the ſquare of the ſide known, from the 
ſquare of the Hypothenuſal, and there remaines the ſquare 


of the other ſide. 


The ſquare of the Hypothenuſal 82 is 
The ſquare of the ſide A B71 is 


Which ſubſtracted, there reſts 


Which is the ſquare of 41, the third ſide or very neer 


6724 
5041 


1683 


the true ſquare, being 1681 , this differrnce is in the angle 


not ia the rule of ſquares. 


To performe this by theſe Tables the work is onely thus, 
you muſt make the ſideknown A B 7: your Radius, and 
the ſide A C 82 the Secant thereof : Look over the Tables 
therefore, till you find 82 in the Table of Secants, a- 


gent, you ſhall 


Radius, This is therefore the trac angle thereof. 


Then for the fide B C it is onely the tangent of this an- 


ainſt 71 in the margent of anyleafe, and this you ſhall 
— the angle of 30, where againſt 71 in the mar- 
d 81.98 perts for the Secint of that 


gle; which you ſhall find in the ſame line, under the tan- 


gent of 30 to be 40.99 or 41. 


The ſame you thall find if you made the fide B C Radi- 
us, for the Secant of 41 is $2.00 parts, under the: angle 
of 60 degrees. And the tangent theroof is 71-01 parts; or 


71 very neer. 


. 


Ihe 


Ey calculati - 
on. 


By theſe Ta- 
bles. 
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* The Sines in 
theſe Tables 
being inverted 
ſhew the com- 
plements of the 
angles, in re- 
ſyect of their 
titles, ſo that 
you muſt be 
catefull in 
which column 
you ſeck your 


The 8 Caſe. | 
of Oblique Triangles. 


The Angles being known, and one of the ſides to find 
the other two ſides. | 
In the triangle ABC, the angle at A is 30, the angle 
at B is 45 d. the fide B C is 29. 

This Rule is true in all triangles, whether Right or Ob- 
lique. | | 


As the Sine of any angle A zo deg. 5000” 
To the fide oppoſed thereunto; C B 29 + 

So is the Sine of any other angle, as B 45 deg. 7072: 
To the fide oppoſed thereto. A C -, 41. 


To performe this by theſe Tables, Turne to the — 
given, which is 30 d. and there you * ſhould look down that 
column of Sines, till meet with your given ſide , 
which is 29: but becauſe theſe two columns of Sines are 
tranſpoſed , look down the column under 60 till you meet 
with your ſide 29, and mark well in what line it ſiands, 
which is againſt 58 in the margent. Then turne tothe o- 
ther angle, which is 45 d. and in that very line of the ta 
bles againſt 58 in the ma you ſhall have 41-01 parts, 
for the other fide A C which is required. 


firſt fide , and there is no great danger of erring in the other, becauſe the Triangle will 
de which of the two fines is moſt likely to be taken. And 


— 


* 


way o to 800 juſd agsiuſt — Mark 
thismargingl number well and, turm over the tables ldaſe by 
leafe , t. tal yaa find your other given ſ de which is n, ju 


in the like line againſt, 58 ic» the, ma and this yau 
ſnall find; under: tha: ſina: of 45 deg the num bega 
gainſt/ 5 dcis aur which heing ſo , you may dνν,juä 
it to be the angle ſought for. 

Thus theſe two angles being found, the angle at A 30 
and the angle at B 45, theſe added together make 75 
which ſubſtracted out of 180 there remains 105 d. for the 
angle. at C, and: ſo you may find tho ſide. oppoſed thereto, 
by the former rule in theg Caſe. 


The 10 and 11 Caſes. 


Y 1. * 2 


22 
— * 


10 Cale Two fides withorhe- angle bunched 
ven; to find the angles. 11 Caſe. And alſo to fi 
third fide. ; 

In the triangle A C Dn, let rh ae obe known to be 


41 , and the ſide v v and ny ob ＋ them at 
At36,d; and it is required te: find the- other angles at C 
_-- atD,andalſo the fide CD, : 

"As er of eb fits IO Gp ind. 1 65 7 


To the diſſtre 


ys 7 FE 


0 — 


n "It 


. 


1 4 » - 
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Wed added 70 the balfe of the angles fhews the great- half 


er angle; and ſubſtracted from it, ſhews the leſſer angle. 
And thus having all the angles, the fide will be foundl as 
in the 8 Caſe by the oppolite angle. 


into two right triaogles ; which may thus be done by 
eing fall the perpendicular C B. To performe which. 
1 For the right ungle A B C you have the Hypothenu- 
fal *C qt , and che angle at A 30 d. therefore by che firſt 
Caſe the two ſides will be C B 20,50 parts, and AB 35.51 
parts, or 35 . 

2 Then Gra chis fide 35.50 parts, from the whole 
line AD 56, there remains 20.50 parts, and thus you 
have the two ſi des of the other right angle C B D, CB be- 
ing 20; , BD 20, and ſo by the fourth and fifth Caſes, 
the tangent of either angle is 45 deg. and the ſecant thereof 
29, will be the third fide. And thus you ſhall not onely 
have the ſaid ſide and angles, but all the other parts of the 
Triangle. 


In this operation, ſometimes the perpendicular will fall A ſecond Ex- 
without the triangle, (which muſt needs be ſo, when you ample of theſe 
have an obtuſe angle contained between the two given do caſes. 


ſides,) then the worke may ſeem to be otherwiſe , but it is 
the ſame in effeR. | 

As in the triangle A EC, ſuppoſe the two fides A E 15, 
and E C 29, andthe angle between them being 135 de- 


were onely known, and it were reguire#4o find the 
"ther fide and the — 


ln this caſe it eile helpful to vou do & oe your 

triangle with your Ruler and Compaſſes, and ſo you will 
ſee that if you produce the fide A E to D, and let 
fall the perpendicular from the point C, it will fall at B, 
without the triaugle aforeſaid, And thus.you haye dhe 
right angled triangle EC B, wWhoſe Hypochenuſal A C, 
is know to be 29, dad the angle at E muſt needs be the 
complement of the obtuſe angle given, to 180 degrees, 
which beim 135 deg. this is 45 deg. and thus W 

110. E 2 this 


added 105 
But ir will be as good a way to reduce this oblique trian- ſabſt. 45 


75 
30 


— — 


28 


— 
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this angle and the ty potbenuſal, you ſhall, find the ſides 
of this right augled triangle, . caſe. The per- 
pendicular ſide being 201, and the ſide E B to be 20 f. 
Thus you have one right angled triangle ECB 
Now for the other right angled triangle A CB, adde 

the fide E B 20; to the ſide A E of the Oblique triangle 
which was 15, it makes the whole line A B to be 353. And 
thus you have the two ſides of the other right d tri- 
angle, viz.the perpendicular CB, 203, and the ſide AB 
35 25 and ſo by the fourth and fifth caſes making A B the 
Radius, you ſhall find the angle at A to be 30 degrees, 
and the ſecant thereof ſhews the ſide A C to be 41. Thus 
you have all the three ſides of the triangle A EC, and two 
of the angles, viz. the angle at A zo deg. and the angle 
atE 135, and the angle at C is the complement of theſe 
two to 180 degrees, which muſt needs be 15 degrees. 


The 12 Caſe. 
Having the three ſides to find the angles, 


0 » 
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» 
2 
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Inthis triangie A CO let the three ſides be known, © 
The ſide A C 41 
© The fide CD. 29 


The fide AD 6 
1 a * 
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And it is required to find the three angles thereby. 

To performe this, you mult firſt let fall a perpendicular 
from the point C upon the fide AD, which you may doe 
by ſerting one foot of your Compaſſes in the point C, and 
opening the other to the point D, draw the arch D E, 
and marke where this arch cuts che line at E, and divide 
the ſpace E D into two equal parts, ſo the perpendicular 
will fall upon the point B. 


But to perform this more exactly by numbers. 


As the greater fide A D 56 
To the Summe of the other two 41 and 29 70 
So the difference of theſe two ſides 12 


To the part A E cut off by the arch DBE 15 


This ſubſtracted from the whole line 56, leaves fer the 
part within the arch 41 , the halfe whereof is 205, which 
is the place B, where the Perpendicular will tall , reckon- 
ed from the angle D, and by this Perpendicular you have 
divided the triangle into two right angles, whole ſides are 
known; for D B being 20+, ſubſtracted fromthe whole 
line A D 56, leaves for the remaining part BA 35+. | 
Now having theſe two ſides, of theſe two right ang- 
led triangles , and the two firſt given ſides 29, and 41 be- 
ing the two hy ſals thereof, you may either by the 
tion of ſides to their angles as in the 8 Caſe, or by 


ſides and bypothenuſall, as in the ſuth Caſe find the an · 
Theſe are all or the moſt needfull Caſes, in the reſdloti: 


on of plain triangles : which might have been ſet foich 


with much variety, and inlargement: but I rather ſtrive 
to ſhe the beſt and p aineſt way. And if any big here 
in prove difficult, it is ſuch ca ſes as there will be of leaſb uſe 


ia ou intended buſineſſe of Navigation. 


CHAP. 


? 
* bl 
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The way of 
keeping an 
account by 
Traverſe or 
dead recko- 
ning. 
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hy CHAP. III. 
Of ſayling by the Plain Chart. 


H Aung premiſed ſome things in the former Chapters, ne- 
ceſſary for the underſtanding of the ground worke of 
the tables, and the reſolution of plain triangles in general: 
I ſhall now ſhew the particular application thereof io the 
moſt uſeful queſtions, of Navigation. And herein 1 ſhall 
not multiply many needleflc queſtions, nor ſtrive to branch 
them out into their ſeveral varieties; but firſt ſhall give 
you thoſe which are moſt uſual and neceflary , and then (if 
occaſion permit) ſhe w you ſome which may be leſſe uſual, 
as briefely as I can. | 


The firff Propoſition, 


The firſt and moſt uſual queſtion in Navigation, is this; 
By the knowledge of the Rumb or Courſe you ſayle upon; | 
and the diſtance of Miles, Leagues, Bec. that you ſayle 
thereon : to know your difference of Latitude, and Lon- 
gitude f That is, how much you are more |Northerly gr 
Southerly , in reſpect of Latitude ? and hom much yon are 
more Eafterly or Weſterly in reſpect of Longitude ? 

This is the moſt ordinary manner of keeping an account 
of the ſhips way, which is uſually called the reckoning. 
And to keep this account, firſt you ſee, that the know- 
ledge of the Rumb ſayle upon is alwayes ſappoſed 
to be had, becauſe the Compaſſe by which they ſteer, ei- 
ther dach, or ſhould ſhew the ſame enactly. And therefore 
to this purpoſe , the Sea - man ought to be very careftil of 
his Compa ſſe, that it be exactly made, and skillfuty or- 
dere in xeſpect of the variation, which in moſt pl-res it is 
ſabje& to: which mult be carefully found out, a«d _ 

e 


— 
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el für, Secondly; för cite keeping rfiir account, you muſt 
al fo En How many Miles, Eeagũes, or hundred parts of a 
degree your ſhip; ſayles upom this Rumb or point of rhe 
Compaſſe: which you muſt find out by the Log line, or 
foe other way, of hic yo my ſor ſonewfin in the 
5 ons, and 3: Propoſition of the Gztmperrical Seaman, 
and full fheæw yon more hereafter, in tte latter end of 

Tteſe twortlings-being xnown, if you wotke by Caltu- 
lation the Rule is this; Ar the Radios; to the Diſtance 
ſsyled either in Miles; Lengner, or degrets; So is tlie Co- 
ſide of tte Rumb from tlie Meridian, to tile differente ot 
latitude in the like parts. | | 

eve -s As tlie Radius to the diſtance ſayled ; So the 
Sine of the Rumb to the diſſtrence of Iongitude. 

Fon thee way of working by theſe tables is thus, far more 
read! 

FirB find the angle of 'the Rumb ar the top of the ta- 
ble; and find the number of the Miles or Leagues; ot Cen- 
teſmes of the ſhips way in the (ide of the table ; and in that 
line” under" the tile of Sine you ſhall” find How much 
you ufer in Tavctide inthatcolunih,-which js. under the 
angle of che Rumb ; and how much you' differ in Longi- 
tude in the other column , which is under the Comple- 
ment or Coſine of the angle of the Rumb. : 

— Th in this triangle 
- ABC, ſuppoſe the angle 

* at Cto be 56 deg. or the 
fifth Rumb from the Me- 
: ridian vis N E E let 
: the diſtance ſayled there- 
1 D: upon be C B, which ſup- 

ro COYNE an 

ion is, toknow how much the point Bis Northward 
from the Parallel C D, which is the length of the line C A, 
or DB. And likewiſe how much the ſaid point B is Eaſt- 
ward from the meridian AC; which isthe length of the 


line K B, er GD. Firſt, 
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Firſt, take the ta ble, and find out the angle of the Rumb 
which is 56 deg. then look down the fide of the rable til 
you find your aumber of Leagues ſayled , which in this 
t xample is 5o Leagues, which you ſhall find in the laſt 
line of the left hand page, and in that line, in thoſe two 
columns, under the title Sines, you ſhall find 41.45 and 
27.96 , which ſhews that the longeſt of theſe lines muſt 
de 41 leagues , 45 hundred parts, or almoſt an halfe; and 
the other line C A being the Northerly diſtance , muſt be 
27 Leagues 96 hundred parts,or almoſt 28 | 

To know But now here may be ſome ＋ 7 to thoſe that are not 
which column practiſed herein, to know which of theſe numbeta belong 
_ _ to either line. This may be more eaſily known to thole 
le: ang Who have skill in theſe things, if they conſider whether 
which the their Rumb , runs out more in Longitude then in Latitude, _ 
difference of As for younger Sea*men this Traverſe Quadrat ef the 
longicude, Rumbs, with the directions thereto, will more plainly 
ſhew it, then many words; which if well conſidered is the 
ſubſtance, and ſhews the nature and work of all the tables. 

By this you ſee that the 5 Rumb from the. Meridian, vc 
NE by E, runs more in Longitude then in Latitude, there- 
fore your Northing is 28 leagues, and your Eaſting 41 
leagues and an halfe, * 


The 
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The Traverſe Quadrat. 


The Weſt Longitude. $ The Eaſt Longitude. 


Nortberly Latitude. 


Northerly Latitude. 


* 


*2prane7 &jaqinog 
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The Weſt Longitude. Þ The EaſtLongitude. + 15 


— 


But that this might be the more readily known , I have Obſeree this well, 
for this very thing) which doth well deſerve it) tranſpoſed for it of ſo great 
the order of this table of Sines. For whereas the greater , _ ——_— 

angle ſhould require the greater ſide , yet here the greater 1 2 
Ans of Sines, according to Mr. Norwoods Example, which I think was his reaſon for {a 
- voing, chough I do not find him any where mentioning of it. * 
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ſide is placed ſtill under the leſſer angle. And my reaſon 


is this; The Rumb being alwayes reckored from the Me- 


ridian line, the difference of Latitude falls out allwayes ac- 
cording to the complement of the Rumb; and the diffe- 
rence of Longitude according to the Sine of the Rumb; 
which ſeemes contrary to our uſual expreſſions, wherein 
we make mention of the Latitude, ſaying the Rumb lies 
North- eaſterly or North-welterly ſo many degrees; or 
South- eaſterly, or South · weſterly ſo many degrees; there- 
fore I have thus placed them , that alwayes under the de- 
gree of the angle of the Rumb, you ſhall have the diffe- 
rence of Latitude; or the Northing or Southing of your 
courle , and the number joyned with it in the other 
column , is the difference of the Longitude , or the Eaſt- 
ing or Weſting of the courſe, Thus in this Example the. 
number under 56 deg. being 27.96 ſhews the difference of 
Latitude; and the number joyned with it, being 41.45, 
:Mhews the difference of Latitude. This rule well obſerved 
will fully guide you in ſetting down your account, accor- 
ding to your Northing and Southing, Eaſting and Weſt- 
ing, as you ſhall ſee more annon. 

Here alſo I would have you take notice that what mea- 
fure ſoever you account your ſhips way in, whether in 
Miles, Minutes, Leagues or hundred parts of a degree, the 
table will ſerve your purpoſe, and give you your Longi- 
tude and Latitude, in the ſame kind of meaſure, the firſt Þ- 
gures in the column ſhewiwg the whole Miles, Leagues or 
hundred/parts, and the others ſeparated from them, ſhew 


the handfed parts of the ſaid meaſure, which you may 


forthe moſt part negle& , eſpecially if you reckon your 
way in miles minutes or hundred parts of a degree: or at 
leaſt if they be leſſe then 50 parts, or halfean Integer you 
may negle& them altogether ; if they he more then 50, 
then count one more to your number of miles, minutes, or 
bundred parts, 

Thus the foreſaid 50 leagues make 150 miles, or mi- 
gutes, reckoning 60 Miles or minutes to a degree, and 
ac» 
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according to this account the table will ſhew you, 


Rumb N E Jò deg. North Eaft 
for 100 miles 55.92 82.90 
for 30 miles 27 96 41.45 
whch makes miles 83.88 12435 


. That is difference Latitude t deg. 24 min. 
Difference Longitude 2 deg. 04 min. fer 


But the beſt way of account will be by hundred parts of 
a degree, and therefore though (you ſee) I do not enforee 
you, yet I would perſwade you to make your Log line fo 
that it may ſhew your ſhips way in Centeſmes of a degree; 
for : the work will need no reduction, but be very 
ready. | 
Thus the foreſaid 50 leagues, being 2 degrees and an half. 
or 2 deg. 50 Cem. 


Rumb NE $6 deg. North Ea 
D. C. pts. DC. pia. 

2 degres, or 290 C. I 1200 16600 
50 (. 2796 4145 _ 


1 3996 2 0745 , 


Or if you think this way ſomewhat long, you may do it 
at one entrance into the tables, with a little confiderati- 
on: for if inſtead of 2 degrees 50 C. you take 25, you 
ſhall find in the table 13.98, and 20.71, which by adding 
a cypher in the laſt place, and ſo putting the figures a place 
forwarder, will he 1 D. 39 C. 86 hand 3 P. 097 C. 10 pts, 

But as I ſaid before, theſe leſſer 106 parts may be neg- 
lected, and ſo i will be x deg. 40 parts, and 2 deg. 07 
parts. | 28 
. And thus having found out the difference of Longitude 
and Latitude of the place ou ＋ dome to, by adding it to, 

_ 242 2 — _ or 
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or ſubſtracting it from, the Longitude and Latitude of the 
place you come from, you ſhall know the Longitud e and 
Latitude of the place you are in at any time, and ſo rea- 
dily ſet it down upon any graduated Chart or Map, and 
from thence ſee how you are to ſteer your next courſe. 
And as you may doe thus for one ſingle courſe, ſo you 
may do for as many as you will, ſetting them down in the 
table; and if you make a blanck Map of your voyage ac- 
cording to your table , as you goe along , they will hel 
one another ; for your Map will ſhew you when to «dd 
and when to ſubſtract, and your table will ſhew you, the 
Longitude and Latitude of the places exactly , by which 
you may as truly (but much more readily) make your 
points (even by the eye) as by any Scale or Protractor: But 
of this you ſhall ſee more largely in the following Pro- 
poſitions, 
The Second Propoſition. 
By the difference of Latitude and Longitude ; to find 
the Rumb, and the diſtance between any two places. 
In this Figure ſuppoſe the place you are in to be A (be- 
ing under the Equinoctial, and ſo having oe deg. or no 
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deg; either of Latitude or Longitude : and ſuppoſe you 
are bound to the place C, having 8 deg- 30 Centeſmes 
of latitude, and 5 deg. 60 Centeſmes of Longitude ; The 
queſtion is to find the Rumb, between the two places? and 
the diſtance in the Rumb? 

Here you ſee the triangle which ya axe to reſolve , is 
the 2 AB C, where in you have the ſide A B given, 
which is the difference af Latitude, 8 deg. 30 parts; and 
alſo the ſide B C is given. which is 5 deg, CO parts, being 
the difference of Longitude; and there are two things re- 
quired , that is the angle of the Rumb , being the angle 
at A, and the diſtance of the two places being the line 
A C. 

Here you muſt underſtand that theſe two ſides of the 
triangle A B, and B C, areastangents , and the line A C 
is the Secanc of the triangle; and to-fiad the angle of the 
Rumb , you muſt alwayes make the ſide of Latitude your 
Radius, andthe proportion will be thus, 


As the fide AB 8 deg. 3 o parts, or 8 30 
To the Radius, 
So the ſide BC 5 deg. 60 parts, or 560 
To the tangene of the angle of the Rumb 67407,34 deg. 


And then, 
As the Radius 
To the ſide of Latitude; 830 
Fo the ſecant ofthe angle 12063 
To the ſide of diſta ce. Ioor. 


But now to work this by the tables; take your difference 
of Latitude A B8$30, or caſting away the cypher, take 
the number 83 for your marginal number, and turne over 
your tables till you find the other line BC, being 360 or 
or 56, right againſt it, under the title of tangents (which 
you may eaſily do by the ſucceſſion of the numbers, 4s 
you muſt do in any other table) and where you find. theſe 
tuo numbers meet thus in one line; the degrees 9 

| es 
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head ofthe columns, will ſhew you the angle of the Rumb, 


and the ſecant in that line alſo , will ſhew you the di- 
ſtance. , 


Thus in this Example if youturn over the table, you 
eg. 


ſhall not find the numbers agree till you come to 34 

and in that leafe, juſt againſt 8; in the margent, you ſhall 
bave 55.98 parts, which is very neer 56, under the ſaid 
tangent of 34 deg. this is the true angle therefore of the 
Rumb,being very neer the third Rumb from the Meridian, 
as you may ſee alſo in the margent of the tables. 

And now for thediſtance of theſe two places, look in 
the ſame line againſt 83, and the ſaid ſecant under 34 deg. 
is 100. 12 Which is the diſtance, 

Only thus you muſt underſtand it, that in the ſame ſort 
of parts which you make your ſide of latitude to conſiſt of, 
the ſame parts muſt you reckon your diſtance in. So that if 
you reckon ; t 


A to be 83, thenACis 100, 
If A B be 830, then A Cis 1001, 
If AB be 8 d. 30 parts, then A C is 10 d. or parts, 


And thus let the difference of latitude be under a degree, 

or more then a degree, or many degrees, the way of 
working is all one, onely in the different denomination of 
the numbers which you find in the ta ble. 

To make this a little more plain to you, and alſs to 
prevent a miſtake; Suppoſe you were at the place C,whoſe 
latitude is 8 deg. 30 parts , and longitude 5 d. 60 pars, as 
before; and you would know the Ruwb from Cro A, and 
alſo the diſtance. ng 10 w 

In this caſe though the angle at Obe the complement of 
the angle at A, in the foreſaid triangle A B O, yer this ig 
nat che Rumb from C to A, for the Rumb myſt be al- 
wayes reckoned from the Meridian line. And therefore 
being at C, your Meridian line is C F, and fo the ttiangle 
you are no to reſolve, is the trianglo C F A, —_— 


* —_ — — MK—S* aaRC- 
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CFrhe difference of-latitude being 8 deg. 30 parts, and 
A E the difference of longitude being 5 deg. 60 parts, as 
before; the Rumb will alſo be found to be the third from 
the Meridian, or an angle of 34 deg. and the diſtance 10 
deg. as before: onely the Rumb falls on the oppoſite fide 
of the Compaſſe, the Rumb from A to C being NE by N, 
and the Rumb from C to A being S by S. 


— 8 2 
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But yet if you have a mind to find the angle at © of the 
triangle ABC, and the length of the ſecant line CA 
that way alſo, you muſt make the line CB your Radius, 
which being 5 deg. 60 parts or 56, find this in the margent 
andturn till you find the other line BA 83 , inthe tan- 
gents: this you ſhall bave under the angle 56 , where 
againſt 56 in the margent , you ſhall find 83.04 
for the tangent, and the ſecant thereof in the ſame line 
allo is 100. 15, the ſame as before without any ſenſible 
difference in theſe accounts, 
Thus you ſee you-way find theſe angles, and the _ 


— 


HR 


AC being the diſtance, either of theſe wayes ; but the 
firſt is the moſt proper, and uſeful ; For when yon make 
the ſide of latitude your firſt number , then the other ſide 
is the tangent of the Rumb you are to ſayle upon; - where- 
as taking the other ſide firſt , the angle found will be the 
complement of the Rumb, and ſo muſt be ſubſtracted 
from go deg. which though it be not much labour, yet it 
is needleſſe. And beſides in moſt of theſe caſes the la- 
titude is more certainly known, and ſo fitteſt to wokr by. 


The third Propoſition, 


By the Rumb and difference of latitude , to find the de- 
parture from the Meridian, or the difference of longi- 
rude, together with the diſtance ſayled; and alſo ſe- 
veral wayes how to uſe the ſame , to correct your dead 
reckoning thereby, | | 


It is a comon & a very neceſſary Propoſition in moſt books 
of Navigation, to ſhew how many miles or leagues you 
muſt ſayle upon any Rumb,and how much you muſt depart 
— Day * — before you alter — 2 — 

y railing or ing the Pole one 0 to this 
purpoſe thete are in ſeveral books, little tables thereof, 
which are of #s little uſe, becauſe they onely ſhew the 
the things deſired onely for one degree of latitude ; ſo 
that if your difference of latitude be either more or leſſe 
then juſt one degree , the Tables ſhews little or nothing, 
but you muſt have recourſe to the Rule, and ſo calculate 
it by the Doctrine of Triangles. 

But theſe Tables are of excellent and ready uſe for this 
purpoſe, for let your alteration of latitude be any number 
of parts whatſoever under 100, or one degree; the Tables 
ſhew it exactly; for if you turn to the degree of the Rumb; 
and there find the difference of latitude in the margent; 
the tangent thereof will ſhew the difference of your Me- 
cidian , or longitude , and the ſecant of that angle will 
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ſhew you the diſtance ſayled in the ſame parts, without 

any farther trouble, more exactly then any other Table 

_ for this very purpoſe , which hitherto bath been pub- 
ed. | 


Thus in- this Triangle 
+ ABC the angle of the 
B: RumbatC being 56 dey. 
« let the difference of lati- 
* tude CA be 20,40,60,80, 
ot 100 parts; the depar- 
D ture, and the diſtance 
7 —— —([l ( 2 --- will be as in the Table 
| of Tangents and Secants. 
Thus the Angle being 56 deg. 


C A the 20prs, |The Tangent 29 bfr. 65 And the ,,,,,- 75 


difference 40 | hereof ſhews the 59 30 |Secant 
of lati- 60 departure from 88 96 ſhewes 
rude be- Yo the meridian or 118 61 the di- 
ing 100 longitude. 148 26 ſtance. 


The like you may do for any other angle, or diffe- 
rence of latitude under a degree, If the difference of lati- 
tude be more then a degree or 100 parts, it is but taking it 
out at twice, as in the former concluſions, of which you 
ſhallſee more in the uſe of this Propoſition, which is of ve» 
ry great uſe in the correcting of your account of dead 
reckoning, made according to the firſt Propoſition. 

For though the foreſaid way of keeping your dead recko- 
ning be of very great and conſtant uſe , yet you muſt not 
altogether truſt unto it: For it is almoſt impoſſible to keep 
this reckoning ſo exactly, but that you will :1eckon a little 
too much or too little; becauſe you; cannot give ſo true an 
eſteemate of the ſhips way, but that ia a day or two, or 
in ſayling 100 or 200 miles, you may very well mil- 
reckon 10 or 20 miles. Sometimes alſo ſome unknown 
current may ſet you more ſorward or backward then you 


reckon, by as much or more · And therefore for the ptoof, 
G and 


71 
107 
14} 
178 


33 
30 
06 
83 


* 
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This oh. "WR alſo for the correction of your dead 3 you 
beſt way to 1e- mult be carefullas often as you can? to make exact obſer- 
Qifie your ac- vation of your latitude , either by the Sunne of Stars « ard 
count, by ob- if the latitude thus obſerved , agree with your latitude by 
ſervation of dead reckoning. then you may conclude your account is 
the latirude, right: But if the one differs from the other, you muſt 


with good in- , , . : 
nę, and make it agree with vour 
ſirumenes, correct your dead reckoning, , 8 5 


Which careful. latitude taken by obſervation. | 

ly uſed may Now in this rectifying of your account there are theſe 

be obſerved to two caſes to be conſideted. The one is when you have ſayl- 

a (mall mat- ed onely upon one Rumd ot point of the Compafie. The 

ter. other is when you have ſayled upon two or more Rumbs, 
and ſo your way doth not lie in a right line. For the firſt of 
theſe caſes. 


—— Suppoſe you had ſayl- 
G ed from A to Cupon the 
P. third Rumb, or VE 34 
deg. about the diſtance 
of 10 degtees, and ſo by 
your dead reckoning 
ſhould be in 8 deg. 29 
parts of latitude, and 5 
Jes 59 parts of longi- 
tude from A; But now 
ſuppoſe that by obſerva- 
tion of the latitude, you 
find your ſelfe to be 
ES : | juſt in 9 deg. of latitude, 
F f and therefore as you are 
11 '6| A 8 one further ia latitude, 

| : o you mult needs be fur- 
Howto reQifie ther in longitade alſo,beingat G, and therefore you deſire 
your account, to knowthe true lõgitude, as Well as the true latitude of this 
—_ _ place, and alſo how far you are ſayled from the place A. 
==" os. Turn to the angle of your Rumb, and find your diffe- 
of che Com- rence of latitude in the margent , and in that line „ the 
paſſe. an. 


* 
— —— 
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Tangent number belonging to that degree, ſhews the diffe- 
rence of longitude , and the Secant number in that line al- 
ſo, ſhews the diſtance you have ſayſed. 

Thus in this Example if you turn to the angle of your 
Rumb, which is 34 deg. and there in the margent find 
your Cifference of latitude which is 9 deg. the tangent 
againſt 9 in this line is 6.07 , which ſhews the longitude is 
6 deg oy parts, and the Secant in this line under 34 , is 
10.86 , which ſhews the diſtance ſayled is 10 deg. 86 
parts. And thus you bave the true longitude, laticude, 
and diſtance of the place G from the place A. 

I know this might be performed by the Tables of Sines 
onely, as Mr. Norwood ſhews. Butthen the diſtance muſt 
be leſſe, and the numbers will not be ſo exact. 

In this caſe it will be beſt many times to work by the dif- 
ference of the latitude, and not by the degrees, ſo the work 
will be ſomewhat more exact. 

Your latitude by dead reckoning was 8 d. 29 parts. 

Your latitude by obſervation is 9d. oo parts. 

The difference between them is od. 71 parts. 

Find this 71 parts, inthe margent; and under the an- 
- gle of your Rumb 34, you ſhall find the Tangent is 47.90, 
and the Seca nt thereof is 85.64, which added to your 
fore-ſaid account as it ought to be, your true account will 
be thus. Diſtance 
Dead reckoning 10 d. oo c. oo pts. 
The difference 85 64 


8 d. 29 c· o pts. 5 d. 


mV 


— _— 


— 


The true account io 83 64 Z 00.0 6 
The ſecond caſe is whenycu have ſayled upon two or 
more ſeveral points of che Compaſſe before you can 
come to have a good obſervation of the latitude. In this 
caſe , you muſt firſt find out upon what Rumb or angle, 
the place you are in by your dead reckoving , doth lye 
from the place you came from, or from the Jaſt place 
where you rectified your account: and this maſt be the 
Rumb or ang le, by which you _ correct your acgount, 
2 an 


Latitude | Longitude 


59 C. O Pts. 
47 9 


©6 90 
How to recti- 
fie your ac- 
count when 
you have ſayl- 
ed upon two or 
three points of 


the Compaſle. 
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and not that which you laſt ſay led upon. 


As for Example. 


A | 


os 8 
B 


* * 
2 "ns —__ 
” 


AA al A. mid A BY 91. 46 


— .< 


Suppoſe you ſhould ſayle from A to C, N E N, or 
N 8 34 degrees to the diſtance of about 10. d 
and ſo ſhould be at C according to your dead recko- 
ning; but according to the true account you ſhould 
be as far as G, as in the laſt. And then from this 
point C which you think you were in, you ſhould ſayle 
F E; or upon the angle of 45 deg. to the diſtance of 2 de- 
grees 80 parts; ſo you would count your ſelfe to be at E, 
whoſe latitude is 5 d. 60 , and whoſe longitude is 8 deg. 
30. But here now obſerving the latitude,you find that you 
are in 6 degrees 07 C. pts. of latitude» ſo that there is 47 
C. pts. of latitude difference between the dead reckoning, 
and the obſervation. And as there is this difference of la- 
titude , ſo there maſt needs be a good difference in longi- 
tude: Now the queſtion is how, or which way the Jongis 
tude ſhould be corrected? ; lere 
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Here you ſee; your dead reckoning, gives your account This P. 
from A toC ) a from C A yo now if you tion — : 
- ſhould correct your account upon this laſt Rumb from C to onſiderable, 
E, then you ſhould account your ſelfe to be in the place and yer is NOT 
K, which hath 6 degrees cy parts of latitude, and deg. — m 
83 parts of longitude. But this cannot be a true correcti- but in mg aw 
on. Foras you were at G, when you thought you had metrical Sea- 
I been at C; ſo ſayling from the point G, South-Faſt till u. 
= come to 6 deg.07 parts of latitude, you muſt needs 
in the place I, and therefore neither in E, nor in K. 
+ But now all the difficulty, is how to find this place I, 
which is the true place you are in, if you did not know the 
foreſaid correction, at G. 
To this purpoſe as I ſaid before, you muſt find the an- 
gle of the Rumb, from A to E, which is the place you 
are in according to your dead reckoning, and finding 
where this Rumb croſleth the Parallel of 6 deg. 07 parts, 
which is your latitude by obſervarion, you ſhall find it to 
be in the place I, and this is the true place where you are. 
Now to find the angle of the Rumb from A to you, by 
the Second Propoſition of this Chapter, obſerve the triangle 
ADE, wherein you have the difference of latitude of the 
two places, AD 5 deg. 60, and tbe difference of longitude 
DE % deg. 30. Therefore turn over the Tables, till you 
find 8 deg. 30 parts, (or 83, which comes all to one) in 
the column of tangents, againſt 5 deg. 60 (or 56) in the 
margent , which you ſhall find exactly under the angle of 
56, where againſt 56 in the margent you ſhall have 
$3.04, for the Tangent of 56, this therefore you may 
conclude is the angle of the Rumb from A to E, being 
NE 56 deg. or the fifth Rumb from the meridian. 
Having thus found the angle of the Rumb you are to 
work upon, conſider the difference of latitude between 
your dead reckoning , and your obſervation. The dead 
reckoning gives 5 deg. 60 C. parts, but the obſervation is 
6 deg. 07 parts of latitude, ſo the difference is 47 C. pts. 


Now if you find this number 47 in the margent anger the 
Ore: 


_— 
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forcſaid angle of 56,you ſhail have for the Tangent 69.70? 
that is 70 C. parts fers; which is the difference of your lon- 
gitude. Nowthis added co yourformer account, your true 
account will be thus, 


The Latitude 
5d. 66 pts. 


47 Pes. 
The true place 6 07 9 00 


T be Longitude 
8 deg, 30 pt.. 
70 pti. 


By dead reckoning 
The difference 


Thus this way though it may ſeem a little troubleſome 
at the firſt, yet it may be of very good uſe, and gives the 
true correction, which you ſee differs above a * degree from 
the correction you ſhould make upon the Rumb you 
ſayled laſt upon; and this muſt needs alwayes give the ex- 
act place, if your difference of way upon both Rumbs, be 
both alike, or any thing proportionable ro each other; 
And ſo they muſt needs be, it there be no uoknown eur» 
rent, which may ſet you more forward or backward upon 
one of the Rumbs, then upon the other, of which alſo 1 
ſhall give you ſome obſervations in their place. 


—— 


CHAP, IV. 


Shewing a met had for the keeping of an account 
at Sea, according to the former Rules. 


He three former propoſitions, as they are the moſt 
18 , ſo you need almoſt make uſe of no other, if 

you will content your ſelfe to keep your account ac- 
cording to the Plain Chart, And therefore in this Cha 


ter I have little more to ſhew you then in the laſt , onely 
there 1 laid down the Propoſitions ſeverally, here 1 fhall 
make uſe of them together, 


And 
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And firſt let me adviſe you, that though you may keep Ic ij beſt ro aſe 


your account; either with your Ruler and Compaſſes by the Plain 


Geometry, as | ſhew you in my Geometrical Sra-man ; or 
this way by theſe Tables, by Arithmetick ; yet it will be 
beſt to uſe both together. For your Map or Chart, will 


Chart and 
che ſe Tables 

boch together, 
for the one 


beſt direct you which way any place lies from you, being helps the o- 
demonſtrated therein better to your eye, then can be ex- cher. 


preſſed by words to the ear; But then theſe Tables ſheu 
the diſtances of latitude and longitude which you muſt ſet 
down upon the Chart, far better than any ordinary Scale 
can do, though you ſhould make every league an inch 
long. Beſides it is ſomewhat troubleſome to let off thoſe 
ſmall daily diſtances according to their true Rumb upon 
the Chart, and when they are ſet down ſo, yet the chief 
thing which you are to look after, which is the difference 
of longitude and latitude of the faid diſtance, is more 
troubleſome to find out if you work ſo exactly as you ought 
to doe; which theſe Tables ſhew moſt exactly at the firſt 
fight , ſo that you need not be ſo curious in ſetting down 
this afterward upon the Chart, but may make uſe of any 
little draughe , and ſet down the places therein according 
to their longitude and latitude , even by your eye, as neer 
as you can gueſſe them; for this is to ſerve only for your 
better and general direction, when to adde and when to 
ſubſtra& , your accout being ſtill co be kept by the Tables, 
which will ſhew your longitude and latitude moſt exactly. 
Thus theſe two wayes joyned together, will much help 
each other , and be the beſt way for the keeping of your 
account at Sea that you can uſe, 

As for the making of the Plain Chart it is moſt eaſie- 
making the degrees of latitude and longitude equal every 
way, ſo that the figure thereof, without any farther di- 


rection, is enough. But you may ſee more in my Geo- 


metrical Sca-man Chap. 3. 


As 
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As for ths framing of the Table of your zccqunt;, itis 
very plain; ſo that you may any time make the like. it is 
only divided into 10 columus, whoſe titles expreſſe in 
ſhort what rhey ſtand for, vi. 

The firſt ſhews the places of your eee or Obs: 
ſervation. 

The ſecond ſhews the Rumb from one place to the next 
The third the angle of the Rumb, with allowance for 
the variation when there is need of it. 

The fourth the diſtance or way ſayled in Leagues, Miles 
or Centeſmes. a 

e 


E 1 


TEE 


— et i he. . a>. n —— — — — . 


—— —— 


Phe four next columns thew the N. S. E. or Wefting of 
that Rumb,and diſtance, as you find it in theſe Tables. 
Theninth column by the Addition or Subſtraction of 
tze Northing and Sauthing, ſhews the latitude of any of 
the ſaid places. 
The la ſt by che Addition or Subſtraction of the Eaſting 
and Weſting, ſhews the longitude of any of the fdid places. 


— — 
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'v, 


1 / 
j 


—— — - 


f ' Angle ):{t3 No outh E it, 
The places. Cour ſe. Rund 22 "= 222 — Þ pe 
;Fhe place A. | d. BY | 0-0 
from A to 1. NE NE11| 100| gi} 19 o 98 
from-1 to 2+ NE NME 22 90 - 8: 34 r $1 
from 2 to 3. NE by NNE 34 80 66 455 2 47 
from to . (ME |NE45) 70 49 49 |2 96 
rom 4 to 5. N E by E| NE 56\ ec 35 90 3 29 
from 5 to 6. EN E EOS: 9019 46 3 48 
from 6 te 7. N by E NE 79 Jo og 49 3 57 
m t. H. 9 65) oo | 651 I; 57 


— 


Su bo ua 965.577 


Longit) 


D. pts. 
6 0 


#3 


| Here yon ſee the fir place A, is ſuppoſed to be under the E- 
guinettial, having o deg- oo min. of Latitude er Longitude. 


5 In the next placc from this place A, tothe point 17 the The example 
Courſe being the firſt Rumb from the Meridian NEN, or in the tables 


E 11 deg. and the diſtance thereon 1co C, pts. ef ade- and Chart 
gree- If you look this angle of 11 deg; in the fable, yon Plained, 
ſhall there find the Northing of theie 100 C. tt. is 98 
C. pts. and the Eaſting 19 C. pre. (omitting! the leſſer parts 
in the Table as needleſſe.) And ſo the Latitude, af. this 
place will. be North .o deg. 98 parts, and the Longitude 
Eaſt.o deg. ꝙ parts. | no} 201% 

Then 4 ſecond courſe. from 1 to 2 being i N E the ſe- 


cond Rumb from the Meridian or ME a deg : „und the 
1710 H eiſtance 


Cx. 


n 


"> - 
W. 4 
— 
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che angle be- d{ſtance therein 90 C. pts. turn to this angle of * 22 deg, *. 
ing z K YOU or 22 deg. inthe Table, you ſhall find for ge C. pes. the * 
macher Northing is. 83 C. pts. and the Eaſting is 3 +, Now the 
——— or Nerthing of this place, added to the Latitude of the for- 
— will mer; and the Eaſting of this place added to the Longi- 
not be much: tude of the former, ſhewes the true Latitude and Longi- 
or if you will, tude of this place. | | 
you may uf 

f — The Latit. of the laſt place o deg. 98 The Longit © d. 19 | 
berween them, The Noerthing of this place 83 The Eaſting 34: 
as theſe num- — 

bers ate. So that the Latit. of this place is id. 8 i and the Long. od. 53 


Thus the Table all along will ſnew you the Longitude 
aud Latitude of the place you are in, by which you may 
at any time ſet it down upon your graduated Chart, and 
ſo better ſee whereabouts you ate, and how to direct and 
account your following courſe. 

Only take notice that where as in this Example you 
have alwayes added the Longitude and Latitude of the 
following places to the former, becauſe the Longitude and 
Latitude thereof is ſtill ſuppoſed to increaſe; ſo when your 
Eongitude and Latitude doth decreaſe', you muſt uſe ſub- 
ſtraction; and if the one doth increaſe , and the other 
doth decreaſe, you muſt accordingly uſe Addicion in the 
ane and SubftraRion in the other. In all which the 
looking upon your Map or Chart, and conſidering of 
your courſe , with a little practice, will be very plain unto 

u. And yet for your better inſtruction in this ſo neceſ- 
ſary a buſineſfe, I have added this Example, wherein yott 
ſhall ſee moſt of theſe varieties, that can happen in your 
account. And though ſome may thiok this needleſſe, yet 
I deſite herein to be ſo plain, that _ one may under- 
Rand it: And withalt take notice that this variety of ope- 
ration ſometimes by Addition, ſometimes by SubſtraRion; 
is not cauſed by reaſon that you work by theſe Tables; But 

whatſoever way you · work to find out the difference of — 

0 | gitude. 
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;* tude and latitude, you muſt according as the Courſe re- 
J uires, make ſometimes Addition, and ſometimes Sub- 


- {tration as you do here. 
The Rumb Angle {| Diſti South} Eaſt | Weſt |Laci, 
The places. lor C ourſe. ＋ (. pts. mo c. pts, 1 C. pts. 2.2 . 
The place B. " * nh 4 o 
om B to C. IS by SSW 34| 109 83 56]; 17 
from C to D.\s S 0 100 100 00 2 17 
om Dto E. N NW 45 100 71 7112 88 
om E to F. S SW 45 | 100 71 .. 018 If 
om f to G. S E SE 45 100 71 71 1 46 
om G to H. S co] 100 oo 101 46 
om H to I: S Sw 45 oo 7¹ 7110 7511 
rom Ito K. [S byWSW56, 100 50 8310 1 


- P 5 * 
4 24 +» W. 8 


Here you ſee the firſt place from whence you ſet ſayl, be- Mark chiswell 
. . * and it will di- 
ing ſuppoled at B, whole latitude is 4 deg, and whole lon- fed yon in a- 
| nee is alſo 4 deg. this is firſt ſer down in the Table. ay courſe 
hen from B to C ſuppoſe you ſayle S S, or S , 34 whatſoever, 
25 the diſtance of one degree, or an hundred C. prs, 1 The latitude 
this angle 24, and in the Table of Sines, for the di- 3 

ſtance of 100 C. prs. you will find 83 C. pes. for the Sou- a 
hits „and 56C, pre, for the Weſting, and here becauſe 

je longitude and latitude doth both decreaſe, this muſt 
de ſubſtracted from the longitude and latitude of the for- 
mer place; ſo your latitude of C will be 3 deg. 17 parts, 
and che longitude 3 deg. 44 parts. 

Now if you ſayl from this place C to D full South 1co » Letirude ce- 
C. pts. Here you need only ſubſtract this difference of la- — 
titude out of the former, ſo that the latitude of che place — 

D is 2 deg. 17 parts, and the longitude the ſame as before, 


3 deg. 44 Parts, 


lame. 


M's Pet 
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N IJ 1 D. 
3 Latitude in- But now if from hence you ſayl to E which is N 
creaſcth, parts, find this angle 45 deg, in the Tab 


longitude de- gu A= he 1 and youſhglk 
lech find for the Northing of the 100 parts, 71 parts. 

crealech. for the Weſting 71 parts. In this Courſe you may ſee the 

Ts he loviradefncreaſork „there fore that muſt be added, but the 

8 longitude decreaſeth, therefore that muſt he ſubſtract ed 

Lonęituèe · So the latitude ofthe place at E is 2 deg. $$ parts, and the 

and latitude longitude is eg. 73 parts. pl $1304. ! 

boch decreaſe. From hence to E both the latitude and longitude decrea- 

— e&h; ſo they muſt both be ſubſtracted as in the firſt Courſe. 

gude increa- From F to G the laticude decreaſeth , — is — 
th. ra 


„„ AISLE 
> ut 
. 2 | 
: 
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ſtracted from the laſt latitude, but the longitude encrea- 
ſeth , and therefore is added to the longitule of the for- 
mer place. 
Prom G to H there is onely difference in longitude, 6 Longituds 
which js to be ſubſtracted. From thence to 1 and K the decreaſerh,la- 
liticude amd longitude both decreaſe, and therefore are ficude che 
both lubſtracted. And now being at K your laticude is o fame. 
deg. ig pitts, and your longitude is o deg. 19 parts z ſo 
thar you are wichin 27 C. pts, of tlie place R, which may 
be ſuppoſed for the place whither you intend your Voy- 
age, | 
Thus theſe ſmall parcels of your reckoning, which'ore 
very troubleſome to ſer down upon your Mip or Chart, 
— your Ruler and Compaſſes, and cannot be ſet down 
ſo neither with any exactneſſe or certainty, may thus be. 
moſt readily and certainly caſt up, and ſo ſet down in any 
Map'or blank Chart, either ſeverally , or once for many, 
times; ag you you will, obſerving their longitude and la- 
tizade ; and ſo when you pleaſe you may make a prick or 
point in your Chart, and ſee whereabouts you are at any 


E be under or neerthe Equinoctial, where the degrees 
oth of longitude and latitude are equal each to other. = wy - 5 
For elſe though you may. 1 1 the cue latitude of a e 0B 
Uf Much in the, loggiuge thereof, onely in bent 
thus much you may reckon upon id all places; that dinances,or in 


e Equinoctial, 
wiles or ee co the Eaſt or welt dehnen 
how you Thall reckonup into degrees of longudes,) tal ; rrue latitude, 
ſhew you alſo in its place. 7 : B. yet it k very 
4 unfit to ſhew 
the longitude, unleſſe it be neer the Equinoctial, where the deg. of longitude and las, . 
titude are both alike of equal length and breadth, 


th 2 8 ah PIR _ a ä — — _——_ 


CHAP. IV. 


Of Currents at Sea, how 1» [id them out, and how 
to allow for them in your account. 


Tie obſervation of Currents , though it be of great uſe, 
= yet as there llath becn lutle written thereof, ſo (the 
more is the pity) there is not ſuch regard and obſervation 
of it as there cught to be. For as the ignorance hereof, 
Joth many times conan, ard make them ata loſſe 
in their accounts: {+ 2 iruve k1owledg thereof would as 
much direct them, and fuhr tem in their voyages. And 
without the knowledge herevi in lome tort, you can keep 
no true account of your way neither by your dead recko- 
ning. nor by obſervation of latitude. 

To make inſtance in that notable Current which is ob- 
ſerved in the Weſtern Ocean to run toward the Norch 

Welt. | 
In this Exam- Suppoſe A to repreſent the Summer [flands, and the cut- 
ple look onely rent thereabouts to run N E about 12 miles, or 20 C. pis. 
— uy of a degree every day: If you were to ſayle with this car» 
gure, rent from A to B (viz. that B which lies full North Eaſt 
from the Center A) being from it about 5 degrees or 500 
C. pts. every day that you ſayle thus with the current, the 
fad, carent will ſet you forwarder then your account by 
20 C. per, So that though you chick you ſayle but 1 deg. 
- or 100 parts a day for 4 dayes time, and fo reckon you are 
come but to C, which is 4 degrees, or 400 ( pts. of yout 
way, yet the current in that 4 dayestime running 20 C. 
pts. each day, will ſet you forwarder 8e C. pt. So that 
you will be at, or neer your part B by a day ſooner, chen 
you were aware of. | 
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But 
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But now ſuppoſe yon were to ſayſe from Bro A back a+ Inthis Exam- 
gain, or which is all one in effect, from A to that B Ple look one- 
which lies South Weſt , oppoſite to the former. Here „ — 
now every day that you ſayle upon this courſe, the cur - ge. 
rent will ſer you back 20 C. tn So that though you ſayle 
according. to your dead reckoning 100 C. pes, every day, 
for dayes together, and ſo ſhould think your ſelfe to be 
at B, yet the current in that time will ſet you backward 5 
times 20 C. tg., ſo that you will have _ but 400 C. 
Pre. and fo are but at D, and want à full dayes * 
Jour . ; » 
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But when you thus ſayle eit her directly with , or againit 
the current, there is not ſo much danger as at other times, 
becauſe though the current ſet you forward or backward; 
yet it doth not after your courſe, and ſo you may eaſily 
correct your account by obſervation of the latitude. But 
if you ſayle upon any other point of the Compaſſe, the 
current will not one ly alter your ſpeed, but drive you out of 
way, ſo that without ſome knowledge hereof, and care 
to prevent it, you may in ſayling to ſome lone Iſland, be 
at ſuch a loſſe, that you know not which way to ſteer your 
courſe, whether Eaſt or Weſt. a 

in this Exams For Example ſuppoſe the current to run N F as before, 
ple look upon 20 C. pts, every day, and that you were to ſayle therein 
the North line full North from A to B. Here when you think you. ſale 
of the figure. directly North from A to B, the current running North 
Faſt, will cauſe you to make your way from A to D, fo 
that when you ſhall think your ſeife to be at B, you will 
find (or rather looſe) your ſelfe at D. For if you are not 
aware before of the current which way it hath driven you, 
you can by no means know which way to direct your 
courſe. For though by obfervation of the latitudeat D, 
you may think your ſelfe beyond it; yet if you ſayle di- 
rely back again toward A, till you come to the latitude 
of Þ, yet ygu will pot find the place there; neither can 
you tell which way it lies, whether Eaſtward or Weſtward. 
And this if the place you ſayle to be a little lone Iſland, you 
will be at a great lofle,& not know which way to turn your 
ſelfe, as ſome have been in this caſe; Andethis E ſuppoſe 
hath been the ground and teaſon of choſe ſtrauge ſtories of 

floating and, inviſible Iflands in the great Weſtern Ocean. 
In this Exam- . Theę like or rather the contrary — — if ou were 
ple look upon ta ſayle, South from Bro A, or whiely is Ane ĩmeſſoct 
the South line from A [9 B, which lyes fu!l-Jourh. Herein! when you 
ol the bgure. think your ſelfe at B, che current will drive jou to. ED, and 
though you find your ſelfe ſhort'in latitude , and ſo think 
to find the place B by ſayling ſtill South, yet you wilt fall 
beſides the the place, and not know wie li way to ſayle to 
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it „ unleſſe you know whether the current hath driven you 
to the Eaſtward or Weſtward of the place you are bound 
to. 0 | 
To prevent this loſſe it is uſual by thoſe who are carefull, 
not to fail point blanck upon ſuch little lands, but tobe 
ſure get into the latitade of the place, a good way either 
tothe Eaſtward or Weſtward thereof, as thrir way belt 
3 awe ſo being fare which way the plates byes from 
to keep in that latitude , till they are in ſight of the 
place deſired. | IL LS, 
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This I confeſle is a good carefull way to prevent ſuch miſ- 
haps, but many times there may be loſſe of time, and way 
therein; both which might be prevented, if the true cur- 
rent were knownʒ for ſo you might know howto direct your 
courſe, more readily to any ſuch place, and how to al- 
low for the current upon any Rumb whatſoever, ſo that 
by obſervation of your latitude, you might find your true 
longitude, moſt exactly, which elſe will never be done. 

For upon what point of the Compaſſe ſo ever you ſayle, 
the current will bear you out of the way, as you may ſee 
by the other little circles marked with the letters CBD, 
In all which, the lines A B ſhew the rumb and way which 
you think you ſayle. The lines A D ſhew the Rumb and 
way which the current bears you. And the lines A C fhew 
the true way whereby you ſhould , and might ſayle beſt to 
the ſaid places marked with B. | 

This plain demonſtration of the neceſſary uſe of cheſe ob- 
ſervations,will I hope make you more carefull in the ſearch- 
ing out of theſe things. And as I ſhall give you the beſt 
directions I can to find theſe ſecrets, ſo I would have you 
to make known what diſcoveries you ſhall make thereby. 
For if Sea-men would but make known there diſcoveries, 
to thoſe who are skilfull in theſe Arts, the Art of Naviga- 
tion would in a-ſhort time, be much advantaged there- 


by. 

, The beſt way to find out theſe currents, is by keeping 
exaQ account of your way both outward and homeward, 
according to your dead reckoning , being very curious in 
obſerving the way your ſhip makes by your log- line. For 
though you may correct your account for your better di- 
rection in your voyage, yet it is not your corrected ac- 
count, but your dead reckoning that mult help you here-: 
in. And therefore you mult be very carefull of that, try- 
ing how the ſhip goes by it many times, when you have 
little or no need, as when you ſayle neer the Meridian. 
For hereby you ſhall be more perfect in this way of ac- 
count, & finding how your ſhips way agrees with your line, 

| you 
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you may the better know how to uſe it and truſt to it, when 
you have more need thereof, | 

The manrer of this work will be made more plain by 
two or three Examples then many directions. 

Suppoſe you were to ſayle from A to that B, which : 
lyes Northweſt from A , being about 5 degrees diſtant; - ſayling in 
and (either knowing or ſuſpecting the nature of the.cur- fiom 4 ior 
rent,) you ſhould not ſay le the direct way Northweſt , but Northweſt 
a point more to the Weſtward, viz. Ny, tothe your account 
diſtaree of 5 deg- 15 pts. or 515 C. pts. in the ſpace of ourwardwill 
five dayes, and ſo whereas by your dead reckoning you bes if your 
ſhould be but at C, yet you ſhould arrive at your port fl — 
B. And then when you return home again , you ſhould 20d your ace 
neither ſayle the direct way from B; to A, which is South count home- 
Eaſt; nor dy the oppoſite point you came upon which is ward will be 
C A, and lyes S E by E, but ſhould continue your account 35 if you were 
as it were from C, and ſteer your courſe back a gain from 8 _ 
Coupon the third Rumb S Eby S, as if you were to (ayle ode ER 
from Cto E; and now having ſayled hereupon likewiſe of the currene 
5 deg. 15 C. pts. in five dayes, you ſhould find your ſelfe you will come 
to be returned to A. And now by this different reckoning do che place. 
you would know theſe three things. 1 Which way the 
current ſets? 2 Ho faſt it runs? 3 The true difference 
of latitude and longitude of theſe two places ? 


— 


Firſt to this end make a Table of your account outward 
and homeward, according to the former rules, 


NIS E \, Ww 
2.80 4.15 
Nw 56 deg, 5 | 


o8 
Tn: 27 Cour nur —_—_ — 
, [2.88] | | 4-27] 


From A to C deg. C.pts. 
Nw by w or 8 1 
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From C to E Deg. C pts, n 
SHS or 25 © | 4-15 +80, 
SW 34degY o 15 12 8 


— 


— — 


4.7 | 2488], | 


Now theſe two arcounts being both contrary in each 


N > 92 part, muſt be ſubſtra cted from each other, vis. the North 
— —— from the South, ſo there will remain South 1 deg, 39 C. 
Ret 1 9 pri. And the Eaſt from the Weſt, ſo there will remaine 


# 4 27 Weſt one degree 39 pts. alſo. By which it appears that 
E 2 


83 yon have been forced to goe. 1.39 C.pts Southward , and 


Reſt 1 39 


By the 4 and 
5 Caſc of 
plain Trian- 
gles. 


alſo 1.39 C. te. Weſtward more then you need have done, 
for elſe the way outward and homeward would have ballan- 
ced the one with the other: where as now you ſee there 
is 200 C. pts. difference, for where as you are come back 
again to the place A, yet your accounts make as if you 
were at the place E, which is Southweſt from A 200 C. 
2 
Now in the firſt place, to know which way the current 
runnes, you ſee that whereas by your accounts you ſhould 
be at E, which is Southweſt from A about 200 C. prs. yet 
you find your ſelfe to be at A, ſo that the current in this 
time hath driven you from E to A „ which is Northweſt 
200 C. pts, As farther appeares, if you compare the Sou- 
thing of your account extraordinary , which you found 
before to be 1 deg. 39 (. pts with the Welting thereof 
which was likewiſe 1 deg. 39 C. pts. ſo that the Southing 
and Weſting being equal; it muſt needs make an angle of 
45 deg. and fo run Northeaſt as I ſaid before. Now the 
Secant of this angle for 1 deg. 39 C. pts. will give 196 57 
C. pts. which is almoſt 200 as I ſaid before. 
hen in the ſecond place if you conſider the time, out- 
ward, which was 5 dayes, and home againes dayesin all 
lo dayes, and divide the foreſaid 200 by this, you ſhall 
find that every day the current runs 20 C. pts. which is 12 
miles every day. | Then, 
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Fhirdly though there is much differente in the longitude 
and latitude of theſe two accounts outwerd and heme- 
ward, ſo that you cannot tell what is the difference of la- 
titude and longitude between theſe two places, by any one 

of them: yet if you adde theſe two accounts te gether, and 
then take the halfe of them, you ſhall have the true diffe- 
rence of longitude and latitude of theſe two places Aand B, 


Thus your account outwar d Nor. 2 d. 88 pf. d. 27 pts 
and your account homeward So. 4 27 Eaſt 2 88 


The Summe of theſe two are 2 7 1 


The half, ſnews the true dif. of lat.) 57 & lon. 3 57% 


And hereby alſo it appears that the true Rumb between 
the two places is Northweſt. 

To make this more plain, take another example. Sup- 
pole you were to ſayle from A to that B which lyes full 
North, having five degrees difference of latitude, but 
under the ſame meridian ; and that you ſhould ſayle thi- 
ther upon ſeveral points of the Compaſle, in fix dayes time 
as in the following Table, 


—— 


. Courſe. Pita. | North [Sourh | Eaſt Weſt | 
The firſt day. N i 100 71 = 
The 2 day. N N 100| 83 56| 
The 3 day. IN NW 10 92 38 
The 4 day. V 10% 98 3 
Tbe 5 day. NE | 100] 71 71 1. 84 
The 6 day. EA 30 . —32| Reſt 
3255103 TE 4. 15 1. 010. 83 
| 19 4 5.00 R. o2 
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By this you reckon the place B, to be 4 deg. 15 C. pts 
to the Northward and r.deg. 83 pts. to the Welt, the Eaſt- 
ing being ſubſtracted. 


Now ſuppoſe you ſhould ſayle back again to the place 
A in 6dayes and an halfe; as in the following Table. 


— 


Courſe, | Difti, North, South | Eaſt Ten 
The firſt day. S # 100 71 71 
The 2 day. |S byS| 109 83 5e 
The 3 day. South 100 1. oo 00 
The 4 day. | S | 126 1, oo OO 
The 5 day. | Soath 100 re 00 00 
The 6 day. | Scanb my . c0 — 
The! day SE 50 35 37 
8 I &.9: 
Current for Ve 130 |Su.g2 97 Reñ 
6 dayes 3. | 'Reſt 4. 97 ) SWA. 'g0, c| 


By this it ſhould ſeem that the place A is to the South- 
ward from B, 5 deg. 8g C. pts. and Weſtward a dep. 92 
which doth much differ from the account outwards, Now 
to reconcile them; and to find the current, which way it 
ſets, and how faſt it runs. 
Firſt compare the two accounts tagether , and ſubſtract 
Noth 4 15 the North from the South; but adde both the Weſtings to- 
Somth 5 59 gether, becauſe they are of one ſort : ſo you will find the 
Reſt 1 74 current bath cauſed you to goe out of your way to the 
" Southward 1 deg. 74 pts. ol to the Weſt 1 deg; 75 ptr. 
Weſt © $} which Southing and Weſting being equal, the current 
weſt o 92 muſtneeds run Northweſt, | 
Sum 175 Secondly by the fourth and fifth c aſe of plain Triangles 
having the two ſides of the Triangle, the Seeant thereof 
or the diſtance which the current hath run in this time 
will be 247 parts , which divided by the time 6 dayes out- 
| ward, 
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ward, and 6 dayes and an halfe homeward, in all 12 
dayes and an halfe, gives about 20 parts for each day, and 
7 parts for the balfe day: ſo that you may conclude the 
current runs 20 C. pt. which is 12 miles a day. 

Laſtly for the true difference of longitude and latitude of 
theſe two places; Adde the ſumm.s of the North and MXN 4 15 


South columnes together, they make 10 degrees, or litcle _ 5 5 89 
more, the halfe whereof is 5 deg. which is the diff:rence 10 04 
of latitude. For the difference of longitude, becauſe both 3 5 02 


wayes it falls out to be Weſtetrly; you muſt not adde them 


but ſubſtract the one from the other, aud the halfe of the Wo 8? 
remainer will be 4 C. pt. which ſhewes theſe two places © 02 
differ little or nothing in longitude. e 
By this which hath been ſaid, I hope you will be in- © 04 
firadted not only how to find theſe currents, but howto 


uſe them; The. beſt way for you, will be to keep two ſeve- 
ral accounts, the one of which you may correct according 
toyour obſervation, the other keep only by the Log line. 
And if you find any time that your obſervations , do dif- 
fer more thea the ordinary , from your dead reckoning; 
you may well think there is ſome current which drives you 
out of the way, 1 | f 
To conclude this point when you know how faſt any 
current runs, and which way, it will be good to ſet down 
in your account, ſome allowance for it, every day, or at 8 
leaſt every chree or four dayes , ſo your accounts will bet- i, cprclled at 
ter agree, and be moſt exact both for longitude and lati- the boctome of 
tude, Thus in your account. outward , allowing for the the former ac- 
current E 20 parts a day, for the fix dayes 120 parts, coun. 
This by the Tables yields 85 parts for the Northing , and 
85 parts, for the Eaſting , which Northing added to the 
former, make the difference of latitude 5 deg. and the 
Eaſting ſubſtracted from the Weſting, there remains for 
the difference of longitude , only 2 parts , which is little 
or nothing in theſe accounts. 
| Likwiſe in the account homewards for the current N 
E 130 parts for the 6 dayes and an halfe, this yields = 
* t | 
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the Northing 92 parts, and for: the Eaſting, 92: Pagtss5, 
which 92 parts Northing, ſubſtracted from the Sour 

5 dep. 89 parts reſt for the differeree of latitude ,4 
97 parts, Likewiſe the Eaſting ſubſtracted from the Nor- 
thing, reſt for the differerce of longuude juſt o. And 
thus you have the true difference; of longitude and latitude 
of theſe courſes and diſtances, as at firſt propounded,with- 
ouvany ſenſible difference in theſe accounts. | 


CHAP. V1 


How to make atrue Chart for any part of the: 
worid. | 


All that T have hitherto«fpoken corcerning fayling's is" 
chicfly (if not only) meant of your ſayling by the plain 
Chart; concerning which 1 might adde many other Pro- 
policions , which 1 ſhall referre to another place.” But you 
muſt know that moſt of theſe Propoſitions], will not be 
truly performed, (eſpecially in reſpe& of longitude) un- 
leſſe you are in places nigh the Equinoctial, where the de. 
grees of longitude, and latitude are both - equal. And 
therefore our Country- man Mr. Ed. Wright invented (al- 
though Mercator a forreigner almoſt got the name and 
praiſe thereof) a very excellent, Sea - Chart, Which per- 
forms the like cgclugogs, and? Almoſt in the like man- 
vet, gad with as much teddibeffta3the plain Chart doth; 
but with farre more, truth, in aff places, which have a 
latitude. The making and uſe of this' Table is now ge- 
ner4!ly as well known & the Plain Chart, aud therefore 1 
ou in the making 


e Tables may help 


ſhall not ſpend much time }oinftri 8 


thetebf; but rather ſhew 
you ih che uft thereof," © 7 . 
Yet becauſe theſe Tables may fomewhar help yon in the 
making of theſe Charts, When you want a Table or a 
Scale of cke Meridian tine, You- may foon make one by 
| thele 
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theſe Tables of Secants, beginning at any at itude you Will. 


* Theſe Tables are made by the 
= 4 — addition of Secants, ſo this take 
50 | C00 | 9090] what degree of latitude you pleaſe 
Fi } 159 156 to begin at, as here this Table be- 
2 [1624 321 oinsat 50 degrees, let that be your 


53 6s 487 Radius, then look the Secant of FI 
25 170 657] dep. in the laſt line of the leafe, 
55 [174] $31] where you ſhall find 158.90 (but 
56 [179 | 1010] omitting the 2 laſt figures, reckon 


57 | 184 | 1194| 159) and ſet this agunſt 51 deg: & 
58 [199] 1383] then look out the Secant of 52 deg. 
| 59 | 19441 77 which is 162, and adde this to 15g, 
200 1777 it makes 321, and ſet this in the next 
* column, and ſo for the reſt of the 
degrees, as many as you deſite. Thus you ſhall have the 
true proportion of theſe hole degrees of latitude of this 
Cart, to the equal degrees of longitude, as exactly as 
you need defire. * * 
As for the minutes, or Centeſmes of theſe degrees, 
(though ir will be fufficient to divide each degree into ten 
parts) theſe you ſhall have exactly caſt up to your hand in 
| | the Tables, ſo that you need but turn to 
D. 57. pte. the degree you would divide, and there 
[——|— | the parts thereof are ſer down to your 
50 10 16 band. As if you would divide the 51 
20 32 deg. which is between 50, and 57, Turn 
5 45}. to the Secant of 51 deg, and there 
40 64 you ſhall find the ſeveral parts thereof 
50 79 ready caſt up in this Table. 
50 95 Thus by a larger Decimal Scale yon 
792} IT} may lay down the whole degrees of your 
80.26 Chart, and* then by laying a leſſer De- 
90 | 143 | - ciml Scale; to the beginning of each de- 
51. 09" 159 *  pree, you may divide your Meridian ve- 
ry neatly, and with much eaſe. 
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| D. pts. 


FO, o 


Table. 


Seca. 
o 


CY 7 
Merid. 


oo 
73 
157 
236 
317 
395 
481 
554 
649 
734 
$21 
908 
997 
1086 
1178 
127 
1364 


But this will be more exact, eſpecially in places which 
have greatlaticudey if you make your Lale for every halfe 


degree, and ſotake outthe halfe 
Secants, or the Secants of 50 
pts, ſetting chem halfe a degree 
forwarder then they ſhould be. 
Thus in this Table, beginning 
at 5odeprees, which is the Ra- 
dius ſet down od ſecant, oo Me- 
ridian, then for 50 d. 30 ptr» 
take halfe of che Secant of 50 
deg. which you ſhall find at 
the bottome of che leafe , a- 
gaiaſt 50 in the margent, which 
is 78, being halfe of the whole 
Secant 156, and ſet this down 
againſt 50 d. 50 pers. as you ſec 
in this Table. Then for 51 
deg. take the halfe Secant, or 
the Secant of 50 pts. which is 
795 and adde this to the fore- 
ſaid 78 „it makes 157. Like- 
wiſe foa 51 d. 50 take the halfe 
Secant of 51 d. again, which 
is 79, and adde it to the for- 
mer, it makes 236, and ſo 
ſtill uſe the halfe Secant twice; 
as you may ſee more by the 


And thus at laſt there growes ſome difference between 
theſe two Tables, though but little in every degree, which 
by that time it comes to 60 degrees, is ſomewhet con- 
ſiderable, the firſt making the meridian 1777 pts. and this 
but 1762, which is much the truer , the true parts by Mr. 
Gunters meridian line being 1755. The degrees being thus 
ſet upon your Charr, you may divide them into minutes 
tenths, or 100 pts, as before. 
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- If you bave any further need of the me idian line , ei- 
ther for the making of your Charts, or thecaſting- up of 
your account thereby, to try how it agrees with theſe fol- 
lowing Nules, you ſhall have a full and plain table thereof 
at the end of the vther Tables, . | 

According to theſe Rules and Tables having made your 
your Chart, they will bea good helpe unto you in the keep- 
ing of your account, ſhewing you it whereabouts you 
are., and which way you mutt ſteer your courſe, and 
when to adde or ſubſtract your laticude ot longitude, as 
the plain table did before, being all one in effect, only 8 
the degrees ot latitude are inlarged, according to the pro- 1 
portion of the longitude, | 

And here o5ſerve though I made ſome uſe of the table The cell 
of Secants before, yet now | am to ſhew youa far more uſe ofthile 
excellent ule thereof ; which indeed was my chief intent Tables of Se- 
and pur poſe, iathis preſent treatiſe, For here you ſhajl cant never 
ſee by theſe tables of Secants, all the problemes of Navi- 3 applyed 
gation , performed upon Mercators Chart, as before Lows, —_ 
they were performed upon the plain Chart, without any ? 
calculation; having ſtill your numbers ready caſt up for 
you in theſe | ables. | . 

As this is that which hath been hitherto wanting, ſol 
hope, being ſo new and excellent a way it will be both 
welcome, and profitable co you; Mr. Norwodd in his See- 
mans Practice, hath well explained and applyed che firſt 
part of theſe tables, vic. the Table of the Sines: but yet 
he makes no uſe, nor mention, either of the Tangentsor 
Secants ; not ſo much as in the plain Table account, in 
which you ſee they are of good ule , and many propoſi- 
tions thetein , cannot well be reſolved without them. Bar 
forthe applying of them to this Chatt, I think neither he 
nor any other ever yet thought of it. But herein you 
ſhall find them of moſt excellent uſe, far beyond che Meri- 
dian line ordinarily praiſed , which cannot be uſed with- 
out calculation. But as a'l things. that are new and un- 
known may ſeem ⁊ little hard and difficult at the firſt , fo 

K 2 per- Mo 
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perhaps the manner of working theſe concluſions, may 
ſeem at firſt unto you. But thus much you ſhall find, that 
thoſe which are moſt neceſlrry , are the moſt eaſie, both 
for your learning, and for your uſe ; and therefore to en- 
courage you the better, I ſhall begin with them. 


Propoſition 1. 


By the Rumb and the Diſtance ſayled upon the Rumb; to 
find the true latitude and longitude, according to the 
true Sca Chart, in any latitude. | 


This I know you will grant is the moſt uſual , if not the 
moſt neceſſary propoſition in the practice of Navigation; 
being the manner of keeping your accounts at Sea , which 
you call your dead-reckoning. And the performing of this 
by theſe Tables of Secants, is fo plain and ealie , char 1 
have little more to ſay to it, then what I have ſaid already 
in the former Chapters, concerning the way of keepi-'g 
this account upon the Plain Chart, 

Firſt, you muſt make the like Table, and uſe the fame 
way which you did before, to find out the Eaſting and 
Weſting, the Northing and Southing of your Rumb; 
which you muſt ſet dowa |:kewiſe in your Table, juſt as 
you did before, 

Secondly , likewiſe by addition or ſubſtraRion of the 
Northing and Southing , you (hall find the true latitu 4e 
of the ſeveral places, as you did before; But as forthe 
longitudey as I told you then, the Eaſting and Weſting 
in your Table, will not ſhew the true longitude of thoſe 
places, unleſſe you be neer the Equinoctial, where the 
degrees of longitude and latitude are both of equal length 
and breadth unto each other. 

Therefore ia the third place, before you come to turn 
your Eaſting and Weſting into longitude , make another 
column in your Table, which you may call che Secant 
columne, in which you (hall ſec down your Eaſting and 
Weſting, 
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Welting, as it ought to be inlarged , in the number of deg. 
or parts of degrees, according to that degrees latitude: 
which you are in at the preſent time; And this inlarge- 
ment of the Eaſting aud Weſting, is the work which J 
ſhall now moſt plainly andreadily ſhew you how to find it 
out, by theſe Tables of Secancs; the manner whereof is 
briefly chus. * 
Obſerve the degree of latitude in which you have made 
your couſe; (which you ſhall alwayes find ready in your 
Table, if you ſumme up your column of latitud:, as you 
ought to doe,) and turn to the ſaid degree in theſe ſa- 
bles, and in that leafe, look down the margent, for the 
number of your Eaſting or Weſting which yuu have ſec 
dowa already in your Cables, and agaiaſt it in che tame 
line, under the columa of Secants, you ſhall have the 
true parts of your longitude, inlarged as they ought to be. 
Which being ſet down in your Table of account, inthe 
column of Secants , they may be afterward added or ſub- 
ſtrated , as the Eaſting or Weſting of the longitude re- 
quires, and fo ſet dowa as you fee them in the columa ot 
longitude , by this meanes your Table of account ſhall 
be made very tru: and perfect, ſhewing you the true lon- 
gitude and latitude of the place where you are at any 
time, which you may prick down upon any Chart, Map, 
or Globe, and (o know exactly where you are, and which 
way to ſhape your coucſe, ro what ever place you intend. 
to goe. 
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This Table of account and the following Chart, 


will make all as plain as may be. : 
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: oY In this Table and Chartyou may ſee that the Portyou 
| 2 ſayle from is ſuppoſed to be at A, having 50 deg. of lati- 
"I eude,, and co degrees of longitude ; and from hence ſu p- 
pole that the firſt day you ſayle North Eaſterly, upon an 
angle of 10 deg. which is almoſt North by Eaſt, to the 

diſtance of one degree, or too parts, and you find by 

the Table of Sines (as before) that the Northipg of this 

courſe and diſtance is 98 C. pts: and the Eaſtiag thereof 

is 1, C. pts, which muſt be ſet under the columns of North 

and. Eaſt. Now this Northing, added to the — 

a | att- 
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A Figure of the true Sea Chart. 
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Note this well, 


for here is 211 


the diffe ence 
of worke be. 
tween thcle 
two Chairs, 
which ſhewes 
the longitude 
exactly, and 
is mot caſily 
performed by 
theſe Tables 
of Secants. 


vented. 


latitude of the place A, which was e deg. makes the lati- 
tude of the place you are in 50 dep. 98 parts, or almoſt 
52 deg. as the column of latitude ſhews. * But now for the 
longitude you muſt not reckon your ſelfe to be in oo deg; 
17 parts ; but turn tothe degree of the latitude you have 
ſayled in, being between 50 or 51 , but rather take that 
degree which is neereſt (rather moſt Northerly,) being 51, 
and in that leafe, againſt the number cf your Eaſting 
which is 17 parts, ycu ſhall find that the Secant thereof is 
27 parts. This 27 parts is the true difference of longitude in- 
jarged, which you muſt ſer down in your Table ot account, 
in the Secant column and this adde; to the longitude of A, 
makes the t.ue longitude of this place to be 02 deg. 27 
parts. 

And thus alſo forthe ſecond day and courſe, which is 
N E zo deg. ſuppoſe you ſayle one degree or 100 parts 
more, The Northing of this is 94 parts, and the Eaſting 
24 parts. This Northing added to the former dayes lati- 
tude makes the latitude you are in 51 deg. 92 min. And 
therefore turning to this degree of 52, in the Table of 
Secants, you ſhall find there, that your 24 parts of Eaſt- 
ing. makes 55 parts of longitude, which added to the for- 
mer longitude, makes the longitude of this place oo deg. 82 
parts, and ſo you muſt do for all the reſt. 

And thus you fee this troubleſome buſineſſe of ꝓropor- 
tioning the degrees of latitude and longitude, is moſt rea- 
dily and exactly performed by this Table of Secants ; far 
beyond any other way of the Meridian line ; which can- 
not be uſed without the Rule of Proportion; and in moſt 
caſes (ſpecially in ſuch ſmall diſtances) as exact as any way 
of Calculation need be. 

And if reckon your ſhips way, this in degrees and hun- 
dred parts, as the Tables are ficted for it; you ſhall have 
the molt ready and exact way of keeping your account 
true and perfect, according to the Globe, and round bo- 
dy of the Earrh and Sea, that ever was, as can be in- 


Prop- 
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This Table of account and the following Chart, _ 


will make all as plain as may be. 

The. jlifta. Nor. ou. Eaſt eſt. Lat. Seca: Long 
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Prop. ſution 2. 
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By the Courſe, and difference of latitude, to find the true 


difference of longitude. 


This is the ſecond queſtion neceſſary in keeping your ac- _ 
count; for hereby you mult correct your dead reckoning, 
when the laticude thereof, doth not agree with your lati- 
tude by obſervation. And herein as ] told you before there 


are two caſes, the one , when = have ſayled only upon 
one 


»*— 
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one Rumb : the other when you have ſayled upon two or 
more ſeveral Rumbs. del] 

If your correction be in reſpect of one Rumb ; Marke 
what Rumbir is you have ſayled npon, and turn to the de- 
gree thereof in the Tables, then look down the margent 
of that leafe, and there find the difference of latitude 
which-is between your dead reckoning and obſervation, 
and in that line in the Table of Tangents, you ſhall have 
the Eaſting or Weſting belonging to the ſaid difference of 
latitude upon that Rumb, as before in the uſe of the Plain 
Chart. 

Let this difference of laticude , be added or ſubſtracted 
to the Northing or Southing in your Table of account as 
the occaſion requires; Likewiſe let the Eaſting or Weſt- 
ing, be added or ſubſtracted to the Eaſting or Weſting 
of your account: your Northing being thus corrected, 
and ſet into the column of latitude, ſhall without any far- 
ther trouble , ſhew you the crue latitude of the place you 
arein; But your Eaſting or Weſting muſt be firſt inlar- 
ved , according to the latitude you are in, by the rules of 
the former Propoſition, and fo ſhall ſhew you the true lon- 

itude , being added or ſubſtracted to the longitude of the 

ormer account, as you mult caſt it up all along your voy- 
age. 

2 exawple, ſuppoſe you ſayle from A whoſe latitude 
is 50 deg. and longitude 20 des. upon the third rumb , or 
angle of 34deg. toward the N E, according to your dead 
reckoning about the diſtance of one degree or 100 parts, 
which is at the point B; your latitude and Jongitude will 
be according to your account by thele foreſaid rules, la. 
titude 5 degrees, $3 paits, longitude 20 deg. 87 parts, 
as inthis Table. 


The 


— 
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Now ſupp»ſe that making a fair obſervation of the lati- 
tade , you find your ſelfe to be juſt in 51 deg. whereas by 
your account you thought your ſelfe to be but 30 deg 83 
parts, here is a difference of 17 parts of latitude. And as 
you are gone further in latitude, ſo you muſt go further in 
_ e alſo thenyour account ſhewes for , which you 
deſire to know exactly. Firſt, therefore you muſt correct 
your Northing and Eaſting, by the Tangent of the an- | 
ole of the Rumb for 34 degrees, which will allow for the 17 Alſo the Se- 
parts of latitude 11-47 parts of Eaſting: So you muſt ſer cant of this 
in your Table of account 17 parts under the North co- — * * 
lumn, and t i parts under the Eaſt column. This 17 parts. gn nne 
of Northing added to your former latitude 30 deg, 8; „hich is 31 prs- 
Fanz makes it jaſt 51 deg. of latitude. Now to find the {ere. 
' Jongitulle belonging to theſe 11 parts of Eaſting, you ſee 
you are come to 5 r deg, of latitude, turn therefore to 5 1 
degrees in your Tables, and there againſt 11 in the mar- 
gent, you ſhall find the Secant to be 17.4 g, for which you 
may ſet down” only r9 inthe Secant column, and this ad- 
ded to the former longitude, which was 20 d. 87 parts, 
makes it 21 deg, oꝗ parts; and this is the true longitudę of 
the place you are in 0 | 
1 tis 1 account the beſt way of correcting your acconn, 
working one ly by the difference of latitude which you find 
between your dead reckoning and obſervation ;/ and rot by 
Ide whole difference of facithde which you' hq ay, e- 
"ſpecial if it be any thing a great diſlance exceediiry g or 
J degrees: For in this caſe, in regard every" degree of la- 
Ituche doth alter ſome what from another, it wit be more 
EE. L-2 trouble 
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trouble becauſe you muſt work by the middle latitude, and 
that ſometimes will not be ſo exactly performed as you 
may by your Ruler upon a Chart that is truly made and 
handſomely delineated. 

And therefore now I come to this ſecond caſe, wherein 
you may be ſuppnſed to have made a farther progreſſe in 
your voyage, and have ſayled upon ſeveral Rumbs, and 
not have opportunity to make obſervation of the latitude 
before, and now find ſome difference between your ac- 
count, and obſervation of the latitude ; In this caſe as 1 
told you before in the uſe of the plain Chart, ſo here alſo 
by the difference of longitude and latitude you muſt find 
the Rumb berween this firſt and laſt place of your account, 
This you may do by theſe Tables as I ſhall ſhew you in the 
next Propoſition ; but it will be better to ſave the labour, 
and only to draw a line in your Chart between the two pla- 
ces, and to find the angle of the Rumb berweenthem 
with your Compaſſes: which you may do as exactly (yea 


p rhaps more exactly when the diſtance is any thing great) 


as you can by theſe or any other Tables of Meridianal 
parts, I am ſure far more readily. 
The reaſon of this finding the Rumb between the two 


In che third places I ſhewed before , therefore I ſhall not here 
Propolicion of repeat it, though it be many times of much conceramene 


in your account , and therefore not to be negleRed, eſpeci- 


ally when you are forced to any great alteration of yaur 


Rumb. 

Having found the Rumb between the two places, work 
by this angle, and the difference of latitude between your 
account and obſervation ; finding firſt the Eaſting or 
Weſting belonging to that difference of latitude ; and 
then by the parts of Eaſting or Weſting, find the inlarge- 
ment of them, according to the latitude you are in, as I 
ſhewed before by the Table of Secants, Thus this diffe- 
rence of latitude being added or ſubſtracted to your ac- 
count of latitude , and this difference of longitude being 


1 like. 
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likewiſe added or ſubſtracted, to your account of Iangi- 

tude you ſhall ha ue the true latitude and longitude of the 

place you are in. Provided that you are nat driven out of 

ar way by ſome unknown currents; as I ſhewed at large 

ore, ; 

An example of this I count needlefſe , being in effect the 
ſame as before; hen you have once found the Rumb be- 

teen the two places. 

And thus theſe two Propoſitions, 1, How to keep 
your account both of longitude and latitude? 2 How to 
correct your account both inlongitude and latitude? be- 
ing the moſt uſefull and neceſſary Propolitions in Naviga · 
tion, arc moſt eaſily and readily performed by this Table 
of Secants in all latitudes whatſoever , without any calcu- 
lation with the meridian line, which requires more trou- 
ble and labour, firſt in finding the parts of the me- 
ridian between the two latitudes; and then when you have 
found them, you muſt reſolye your queſtion by the Rule 
of Proportion, 


Propoſition 3. 
How to allow fot currents in your accounts. 


By what I ſaid before concerning currents, it is mani- 
feſt that for the moſt part they drive the ſhip out of the 
courſe you recken upon both in reſpe of longitude, and 
latitude, therefore if they be known (by ſome former ob- 
ſervation or other meanes) which way , and how faſt they 
run; it will be very good to allow for them in your ac- 
count, which will be much more perfect thereby. 

This allowance may be inſerted into your account ei- 
ther every day , or once in three or four dayes, according 
to the ing and Southing, Eaſting and Weſting 
thereof, as I ſhewed before in the Chapter of Currents; 
which Northing and Southing, ſhewes the latitude in all 


places, 


un. 
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places, without farther trouble; But for the Eaſting or 
Weſting you muſt make an inlargement thereof, accor- 
ding to the latitude you are in, as 1 ſhewed in the laſt 
Propoficion , if your difference of latitude be not much, 
which will be when you make this allowance every day; or 
fayle upon a courſe neer the Eaſt or Weſt, But if you 
ler your account run for three or four dayes , with- 
out allowance, ſo that your difference of latitude be 4 or 
5 degrees or more , then you muſt make your enlargement 
of the 9 „according to the former rules by the 
Table of Secants, but you muſt not worke by the latitude 
you are come to, but by the middle latitude hetœeen the 
two places, for ſo your longitude ſhall be more exact, as 
you ſhall ſee more, in the next Propolition. 

Thus if you were to ſayle from Cape Race or ſome part 
of New found land, having latitude 56 deg. and loogi- 
cude 330 deg. the current running20 C. pts. Northeaſt eve» 
ry day, you may frame your account thus allowing for 
the current (as it is beſt) every day, or upon every alteration 
of your courſe, 
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By chis Table you may ſee plainly ho w to allow forthe 

motion of the current in any latitude, either every day, 

or once in three or four dayes; and by comparing this 

with the former, you may ſee what difference ſuch a cur- This Table is 

rent may make in your courſe ina little time; for whereas in effect all 

by that Table, in five dayestime you ſhould be in 54 deg. one with the 

19 parts of latitude, and 3 deg. 97 parts of longitude, 8 

which is at F upon the Map; By this Table you ſee you are — — 

come to 4 deg. ꝙ parte of latitude, and 5 deg. 18 parts changed, but 

of longitude , which is at D upon the Map. So that the the d fference 

difference of latitude is 69 parts, and the difference of lon- ot lengitude 

gitude is t deg. 21 parts, in the (aid five dayes time. So — 

that this is N very con'iderable and good uſe may be t fer the f wh 

made thereof, if the true courſe , and ſwiftneſſe of cur- poſed current. 

rents were known, and therefore as they are by all by care- 

diligent comparing of your courſe outward and homeward 

indeavoured to be found out; ſo being found I could with 

they were made more publique, for the general good. 


Propoſition 4. 


By the knowledge of the latitude , and longitude of tao 
places, to find the Rumb, and alſo the diſtance between 
them, upon the ſaid Rumb. 


This Propoſition admits of three ſeveral caſes. 

This firſt is when both places have one and the ſame Me- 
ridian,and difference only in Latitude. 

The ſecond is when the two places have one and the 
ſame latitude, and differ only in the Tonpitude of their 
Meridians. 

The third caſe is when the two places differ both in Lati- 
tude and Longitude. 

And each gf theſe caſes may have two or three varieties. 
viz, r. One or both places being noder the EquinoRial. 
2. One or both places beinꝑ to the North or South of the 
L quinoCtial. 3. One place being to the North, and the 

| other 
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other to the South of the Equinoctial . 
But cheſe varieties many of them are not ſo proper to 
be reſolved by this Chart, .as by the Doctrine of Spherical 


triangles , here we ſhall only ſpeak of places which have 


no great diſtance, they being beſt reſolved by theſe rules. 

For the firſt of thele Caſes, If two places bave. one and 
the ſame Meridian. and differ only in latitude : then the 
Rumb between them , muſt needs be North , and South, 
and the difference of latitude, is the true diſtance between 
the two places, let them be in what latirude they will. For 
though the degrees of latitude in the Chart do ſeem to en- 
creaſe, and grow longer toward the Poles ; yet they are 
all of one length, viz. about 20 leagues, or 6c miles and 
that inlargement of them in the Chart, is onely in reſpect 
of the degrees of longitude; which though they ſeem (on 
the contrary) to be all of equal breadth, yet grow leſſe 
and leſſe toward the Poles , one deg. in the latitude of 60 
deg. being but 15 leagues or 3o miles, which is but halfe 8 
degree inthe Equinoctial. 

So that let the one place be A in the latitude of fifty de- 
grees, and the other in the latitude of 55 deg. under one 
and the ſame Meridian, or line of longitude ; the cour ſe 
between them is North, and South, and the diſtance is 5 
degrees, according to the difference of latitude between 
them: which makes 100 leagues, or 300 miles. 

For the ſecond caſe, when both places have one and the 
ſame latitude, but differ only in longitude ; then the 
Rumb between them muſt needs be Eaſt and Weſt : But 
the diſtance is not according to the degrees of longitude 
(as — but beares a propoi tion to the Coſine of the 
latitude. 


So that as the Radius; 
To the Coſine of the latitude. | 
So their difference of longitude in degrees and parts, 
To their diſtance in degrees and parts. 


This 
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This may beſt be fonud out upon the Chart thus, Open 
your Compaſſes to halfe the diſtance between the two pla- 
ces, and ſetting one foot of your Compaſſes in the com- 
mon latitude of the two places, Mark how far the other 
foot will reach both above and below it, upon the Meridi- 
an line, and the degrees of laticude between theſe two 
points, will be the diſtance (or very neer) between the two 
places. a 
But this may be far more eaſily performed by theſe Ta- 
bles, as thus; Firſt, turn to the degree of latitude which 
the two places are in, and find in the margent the degrees 
of the difference of longitude between the two places, and 
in that line in the Table of sines, under the ſaid latitude 
of the plaoes , you ſhall have the true diſtance in degrees 
and parts. 

Thus let the two places be A and H, both in the latitude 
of 50 degrees, and let their difference of longitude be 9 
deg. Turn to 50 deg. inthe Tables, and againſt 9 in the 
margent, under the ſine of 50 deg you ſhall have 5.79, 
which ſhewes the diſtance between the two places is 5 deg 
79 parts, which is 116 leagues fere, or 3471 Miles fere. 

Or elſe let the two places be G and E, both in the lati- 
tude of 56, and their difference of longitude 6 deg. 75 
parts. Turn to 56 degrees in the Tables, and under the 
fine of 56 deg. you ſhall find thus; 


For (ix degrees of longitude 2 deg. 36 parts. 
For 75 parts of longitude 0 42 


Which added, ſhews their diſtance 3 78 
Which makes 76 leagues or 227 miles fert. 


The third caſe is when both the places differ both in lon- 
gitude and latitude. 

This is the moſt uſual caſe, but yet let me tell you, that 
this queſtion may with more eaſe, and as much exactneſſe. 
be reſolved upon your Chart with your Ruler aud Com- 

paſſes, as 
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as by cheſe or any other Tables of Meridional parts: eſpe- 
- ...cially when the diſtance is any thing large, I mean about 4 
or 5 degrees. And therefore 1 ſhall rather adviſe you, to 
uſe that way, and to follow the rules to this purpoſe , in 
my Geometrical. Sea-man , eſpecially in finding the Rumb 
between the two places, which as it may molt readily be 
found out thereby, ſo if you ha ve any care , you may find 
the Rumb as exactly as you need or can ſteer your courſe to 
any place · 
But that you may ſee here is no defect in theſe Tables, 
in this particular, more then in any other, the way of 
worke is thus, which is ready enough being well under- 
. ſtood, and a little practiſed. 

Suppoſe the two places to be A and E, A in the latitnde 
of 50 deg. and E in the latitude of 56 deg. and the diffe- 
rence of longitude between them is (iz degrees, 7 5 parts, 
Now it is deſired to know-che-Rumb-, and the diſtance be- 
tween thoſe two places. 


Fir fur the Rub. 


Firſt, conſider the ſeyeral latitudes of the two places, 
which is 50 deg- and 56 deg. and take the middle latitude 
between theſe 2, which is 5 3 deg: Tura to this degree in 
the Table, and there find the true difference of latitude 
in the margent , which is 6 degrees, and againſt it in the 
Table of Secants, you ſhall find 9.97, that is 9 deg. 97 
parts, for the difference of laticude-inlarged , which you 
| ſhall find much as one with your Meridional paits in Mr. 

Gwnters Table , which are 9 deg. 99 parts which makes the 
degrees of latitude proportionable to the degrees of longi- 
tude , and with this latitude inlarged. you muſt find your 
Rumb, as before in the like caſe upon the Plain Chart, 
which may be done by the little Table of Tangents. 
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As the latitude inlarged 9 deg. 97 parts 
To the degrees of longitude 6 75 

So is the Radius 10000 
To the taugent of the Rumb 6770) 


Which is the Tangent of 34 deg. 10 parts. 


Or elſe thus by theſe Tables, find 9 deg. 97 parts, or 10 
degrees (which it comes to very neer) inthe margent, and 
tuin over the Tables, till you find 6 deg. 75 againft it in 
the Table of Tangents ; this you ſhall find exactly at 34 
degrees ſo that you may conclude this is the angle of the 
Rumb between the two places, being much about the third 
Rumb from the Meridian, which is 33 deg. 45- 


Now for the diſt ance of the 2 places. 


The Rumb being thus found, the diſtance is much more 
readily found ; For you need only find the true difference 
of latitude, which is 6 degrees in the margent, and the Se- 
cant againſtit, under this angle of the Rumb 74 dep. is 
7.24, Which ſhewes the diſtance of the two plices , to be 
7.deg. 24 parts, that is 145 leagues fere , or 434 miles and 
an halfe fere. 
If you will performe this by Calculation, uſe either of 
theſe wayes. 


As the Coſine of the Rumb Col, 34.10 8281 
To the true difference of latitude 6 deg. 6 d. oo 
So is the Radius 10000 
To the diſtance required | 7d. 25 


Or elſe ſome what better conſider the former worke, and 
more agreeable to theſe Tables. 


As 


LR * 
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of ſayling by Great Circle. | | 


As the Radius 
To the difference of latitulle 

So the Secant of the Rumb x Sec. 34-10 I 2076 
To the diſtarce 7d. 23 


I might here make” a ſhew of many more Propoſitions, 
by varying ſome of theſe; but theſe containe all others, and 
in your keeping of your account, there will be need of no 
others at all, neither of any other way of performance 
of them, this being the beſt and plaineſt,and therefore I will 
not trouble you with any other, 


CHAP, VII. 
Of ſayling by a Great Circle. 


Hat which I have ſaid in my Geometrical Sca- man con- 

cerning this ſubject is ſo plain and practical; that I am 
confident there can be no better way to performe thoſe 
Propoſitions ; And therefore I count it needleſſe to ſpeak 
any thing hereof: eſpecially ſince, when you have found 
out the way of the Great Citcle according to its latitudes 
and longitudes , you muſt thereby ſet it into your Chart, 
and ſo keep your account by Rumb and diſtance , accor- 
ding to the rules aforeſaid. 

Yet becauſe ſome that are more curious in theſe Arts, 
may not think that way exact enough, becauſe in ſome 
_ caſes the Tangent line either will not be large enough to- 
ward the Pole to ſhew the difference of latitudes , or to- 
wards the Equator is too large: and becauſe others may 
doubt of the truth of che performance, (though there be 
no ground of exception .to be made againſt it by any 
Artiſt in that particular, therefore to ſatisfie both the 
one and the other, I ſhall ſhew you how to __ 

| cle 
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Theſe Cir- 
cles are drawn 
by the Tables 
of Natural 
Tangents, 
counting the 
latitudes by 
their comple- 
ments from 
the pole or 
Center P. 


theſe concluſions by theſe Tables, ſo that they may find 
the latitudes of the Arch of the Great Circle, as exactly 
as they pleaſe, to minutes, or hundred parts of a degtee. 
And for the demonſtration of the truth thereof I ſhaſſ not 
performe thoſe concluſions, as (others uſe to do, by Sphe- 
rical Triangles , but reduce them into plain Triangles, ſup- 
poſing the ſides theteof to be Tangent lines , by which way 
the work of Calculation will be more plain and eaſie, and 
the truth of the foreſaid Geometrical way fully demon- 
ſtrated. 

Prepeſition t. 


To find the latitudes and longitudes of the arch of a Great 
Circle, for a parallel courſe. 


Let the example be the Tame as in my Geometrical Sea- 
man, ſuppoſe two places, in the parallel latitude of zo de- 
grees, and let their diſtance of longitude be 70 degrees, 
and it is deſired to know the latitudes of the Great Circle, 


for every fifch degree of longitude 


1 


Of ſayling by Great Circie. 

Let the two places be ſet upon the Inſtrument, or upon 
ſuch a part thereof as this-here.; wherein P repreſents the 
Pole, A and Care the two places in the Parallel of 30 de- 
grees, being 70 degrtes of longitude from each other. 
Now I ſay a part of the Great circle pailing by theſe two 
places is the ſtraight line ABC, drawn from the one 
place to the other, which as it croſſeth the paralle's of la- 
titude, at the ſeveral degrees of longitude; ſhewes the true 
latitudes and longitudes of the ſaid circle from the Equator. 

Now for the proof of this, and alſo the more exact 
finding of the degrees and minutes of latitude; Let this 
triangle AP C be conſidered as a plain Triangle, the two 
ſides whereof AP and PC, are 50 degrees, being the 
complement of the latitude of theſe places from the Equa- 
tor, now theſe ſides, being Natural Tangents, take the 
Tangent of 50 deg. (out of the little Table of Tangents) 
which is 1192, and this is the length of either of the ſides 
AP, or CP. Thus you have two ſides of. this oblique 
Triangle, and the angle between them at P, which is 70 
dep. the difference of their longitude. 

In the next place you muſt reduce this oblique. triangle: 
APC, into two right angles, by letting fall the perpen- 
dicula -, upon the point B. Now this is eaſily done, in 
this parallel queſtion, —.— the foreſaid angle of lon- 
gitude 7e in halfe, which is 35 deg. and thus you have two 
right angled triangles, A P B, and p B, all whoſe an- 
ples are known, and the Hypothenuſalls , which are alike- * 
in both the triangles, ſo that thereſolution of the one will: 
ſerve for the other | 7 

Thirdly, by theſe things known, you may find the length 
of the perpendicular PB, by the firſt caſe of plain Trian- 
gles. For if you turn ta the angle at ? which is 35 deg. and 
fiad the Hypothenuſal fide A P 1192 inthe margent, you 
ſhall find in the Table of Sines ;. For the Perpendicular PB 


976.7. 
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For 11.00 Perpendicular 09.01 
For 00.92 75+37 


Which added makes 976.37 


Now look theſe numbers in a Table of Natural Tan- 
gents , you ſhall find the Perpendicular P Bis 44.31 C. pr 
origmin, Now this perpendicular ſide being 44 deg. 19 
from the Pole P, the complement thereof is the greateſt la- 
titude of the Great Circle from the Equator , which is 45 
deg, 49 min. or 69 parts. 

Four thly, if you leave outthe two laſt figures of the per- 
pendicular as being of little value, and account the line 
P B to be only 976, make this your Radius, and ſo the 
pricked lines from the Pole P, to the line of the Arch 
B A or BC, will be ſo many Secants, in proportion to the 
ſaid Radius, according to any angles of longitude you 
pleaſe , which need not be above every fifth degree of lon- 
gitude, as they are here pricked out. And now if you 
turn to theſe angles of longitude in your Tables, and find 

this Radius 976 inthe margent, the ſecant againſt it will 
give you the true length of the lines from P, which are all 
one as I ſaid before on both ſides the perpendicular B. 
Thus for the lineP 5 , the angle at P is 5 deg. and the 
Radius 976, turn to the Table of 5 deg. you ſhall find, 


For 97 oThe Secat is 97.37 -which is the tang. of 44,21 p;; 
For 00.6 60. 20 whole compl. is 44.59 pts. 


which added makes 97.97. (which is the latitudefor that 
longitude. 
Thus for P10, the angle at P being 10 degrees find 
the fore ſaid Radius 976, in that leafe of the Tables, be- 
longing to 10 deg. and you ſhall have, 


For 


of ſajling by aGrea Circle, 


For 97.0 The Secant is 99.49 The tangent of 44 d. 74-pts 
For 00,6 60.2 Whoſe comp.is 45 26 


99. og. = latitude for this longi- 
tude. 

And ſo for the other lines according to their ſeveral 
angles. 

d. pts, d. pts, 

ForP 5 Secant tot.04 Tang. 45.30 Lat. Arch 44. 70 

For P 20 Secant 103.87 Tang. 46.09 Lat. Arch 43.91 

For P 25 Secant 107.69 Tang. 47.12 Lat. Arch 42.88 

For P 3o Secant 112.69 Tang. 48.42 Lat. Arch 41.58 

For P A Secant 119.14 Tang. 50.00 Lat Arch 40.06 


And thus by theſe Tables you have the chief thing which 
is needful in your ſayling , viz. the longitudes and latitudes 
by which the Arch of the Great Circle duth paſſe between 
theſe two places, As for the angles of Poſition and the di- 
ſtance, they are little to the purpoſe, onely to heip to find 
out theſe longitudes and latitudes of the arch, in che or- 
dinary way of calculation. And though I have been ſome- 
what long, endeavouring to make every thing plaine for 
young beginners, yet the thing of it ſelfe is of more eaſie 
and ſpeedy performance , then any calculation by Loga- 
rithmes. 

And yet becauſe the diſtance between places ſeemes a 

thing very deſirable. Firſt, if you pleaſe you may find the 
diſtance of theſe two places (by the rules of the laſt Chap- 
ter finding the difference of bogs of theſe places be 
ing 70 deg. in the margent of theſe Tables under the'lide 
of 40 deg, which is their latitude, for ſo their diſtance is 53 
"dep. 62 parts. 1 1 8 ; 
A4 it may be performed by theſe brief Tables of Na- 
rural Sines, and that with as mach eaſe, as by the Log» 
rithms, according to this eee, 1 * 
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As the Radius 

Totte Stne of hälfe the Giffer. long. 35 deg. 5736 
So the Cofinr of the cõmon latit. Coſine 40 7660 

To the Sine ot halſe the diſtance 26,07 4392 


Turn to the degree of the latitude, (becauſe the Sines 
are inverted) whoſe Sine is 76. 0, and there find the Sine 
of 35 deg. which is 5736 at twice inthe margent, fo you 
ſhall hare 4392, whole Sine is 26 deg. 07 parts, which is 
halfe the diſtance, this doubled is 5 2 deg. 14, which is the 
whole diltance. | 

The work is briefly this, under the Sine of 40 deg. 


For 57.00 ia the margent, the Table yields 4366 
For 00,36 in the margent, the Table yields 2757 


1 9357 
Which cutting off the two laſt figures may be 4394. 
as before. | 


Prepoſition 2. 


How to finde the longitude and latitudes belonging tothe 
Arch of a Great Circle between to places whicti differ 
both in longitude and latitude, lying both upon the one 
ſide of the Equator, 


Let the two plates be the Brymodar or Summer Iſlands, 
whoſe laticude is 32 deg, 25 min. of 47 parts and the Ly- 
z«rd in the latitude of 50 deg; and rheir difference of fon- 
itude 70 deg. and it is deficed to find the latitude of the 
;reat Circle at every fifth degree of longitude between 
them, | 

Firſt ſet che two places upon the Inſtrament in my Ges- 
metrical S:gmen, ox in ſome ſuch figure as this, according 
to their longitudes and latitudes, the Bermedus at B, the 

Lyzardat L, and P repreſents the pole of the World. 
Here now you have a Triangle, whoſe ſides are known, 
Viz. 


= 
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N wy, 


8 
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off 


8 ling by « Gree Cirele, 
vi- P B the Wage? 5 


tangent of 57. 


deg. 59 parts 
15745 , and P 


L the tangent 
of 40 degrees 
8391, (being 
the cotangents 
of the latitude 
of the two pla- 
ces ) and the 
angles between 
them being 70 
degrees. 

Now bere 
you might ſave 
much labour, if 
with the Ruler 
and Compaſ- 
ſes, you would 
let fall the per- 
pendicular, or 
draw the line 
P D' ſquire 
wiſe to the line 
BL,which will 
fall about 11 
deg. and an 1 | 
balfe from L, | 
and 58 deg. and an halfe from B. Otherwiſe you muſt be 
forced firſt to let fall a perpendicular from L, upon the 
perpendicular PD, which muſt do the chiefe buſineſſe , 
being the Radius for the Secants of the'Areh. 

Vet this may be done as well by theſe Tables, as by any 
others, for if you work according to Spherical Triangle o, 
the very ſame things muſt firſt be found our, and require as 
much trouble. 


N 2 Firſt; 


This figure is 
alſo drawn by 
the Table of 
Natural Tan- 


gents, 


| —. — — yy 
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Firſt, therefore for the perpendicular L FE, and the fide 
P FE, you have the angle at P 7e deg. and the Hypothenu- 
ſal PL, the tangent of 40 deg. 8391, by which accor- 
ding to the firſt caſe of Plain triangles, turn to the Sine of 
70 deg. in the tables, and there in the columns of Sines 


finding the foreſaid number at twiſe in the margent. 


For 83. oo 78,00 28.29 
00.91 85.51 31.12 


do the perpendicular is 78.86 and the fide 28.70 


This 2870 being the ffdeP E, and being ſubſtracted out 
of the whole ſide PB, which was 15745, there remaines 
12875 for the ſide EB, with which, and the perpendicu- 
lar ſide L F, you may find the angles of this right Triangle 
LF B, and alſo the ſide B L if need were. 

For look over theſe tables, and find one of theſe ſides 
in the margent , and the other in the Tangents, you ſhall 
find them fall between the Tangents of 31 and 32, and 
59 and 58degrees. For if inſtead of the number 7886, you 
take 790@ ſomewhat neer it, and ſo look out 79 in the 
margent, till you find ſome tangent number which ſhall 
come neer the other namber 12875, you ſhall find, 

under 59 deg. The tangent is 1 31.48 The ſecãt 153.39 
and under 58 deg. The tangent is 126.43 The ſecãt 149.08 


The ſumme makes 257. 1 302. 47 


The halfe or middle is 128.95 151.23 
Which comes very neer the appointed numbers. 
If you will find this angle at B more exactly, uſe this 


ruon; - 
Re As the fide FB. 12875 
To the ſide LF 7886 
So is the Radius 10000 


To the tangent of the angle B 6125 
Which is the tangent of 3 d. 49 pts. 


* 
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Having this 
angle at B, 31 


deg. 49 parts, 21. 6. * as. ate 
* 


you may find 
the perpendi- 
cular P D, and 
the ſide D B, 
by the firſt caſe 
of plain trian- 
ples. For the 
whole line B P 
will be the 
Hypothenuſal, 
which . 
15745, theſe 
ſides will be 
found in the 
table of Sines, 
under the an- 
gle of 31 de- 
rees and an 
alfe , to be 
thus. 


*The angle 
here uſed is 
not the true 
angle of poſi- 
tion, which 
uſeth to be 
found in 
Spherical ope- 
rations, but a 
plain right li- 
ned angle 
ſomewhatneer 
ir, which doth 
the work more 
readily, and 
plainly, . 


For 15000 ſide PD 07.84 ſide BD 12.92 


For 749- 38,66 627,52 : 
Fox : 5 03 04 * 
8.22.69 13.55. 56 


Which figures joyned are 82269 and 135556. 
So the fide P D being the perpendicular and which is the 
chief thing needfull to be known, is 8 227, * = 
Att 
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laſt figure to make it in proportion to the Radius of 10Co' 3 

And this 8227 is the tangent of 39 deg. 44 parts, hoſe 
complement is 30 deg, 56 parts, Which'is the gteatelt lati- 
tude of this Great Circle. 

And thus this ob!:que angle BPL is divided into two 
right angles, by this perpendicular P D, all whoſe ſides 
and angles are known, moſt of which labcur mig ht have 
been ſpared , by drawing this line with your Ruler and 
Compaſſes, ſo you might have found the one angle at P 
to be 58 deg. and x, and the other to be 11 deg. f, the 
whole being 70 degrees. 


— 


mult conſider how theſe angles of longitude have relation 
to:hto the places Ber L, and alſo to the perpendicular 
PD, and ſet them down in a table that ſo yon may fiad the 
anęles which the deſired degrees of longitude make with 
the perpendicular, Then according to the Radius of the 
perpendicular, which here is 8227, ſeek tlie ſeveral lines 
from P to the line L B according to their angles with the 
perpendicular, which lines are onely the Secanis of the 
ſaid Radius, and therefore I call them Secants in the Table, 
and theſe numbers being found out in a table of ta ngents, 
will ſhew you the ſeveral diſtances of the circle from the 
Pole, whoſe complements, are the latitude of the faid arch 
in thoſe longitudes. 


ſcription of this arch upon your Chart, accorging to the 
longitudes and la:itudes thereof. As fur the angles of po- 
tition, hey are of no ule at all, it being better to look af- 
ter the Rumb, which this Circle makes upon your Chart. 
But the neereſt diſtance between theſe two places ſeemes 
a thing more needfull to be known, which though the 
line B L between the two places being 15100, will not 
ſhew ir truly, though it be meafured either way in the 
tangent line; yet by what hath been done, you are in a 
good forwardnefle to attaine the knowledge thereof » ac- 
cording to the ordinary rules of Spherical triangles, 

The 
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Either of theſe wayes having found theſe angles you 


Thus you have all things that are neceſſary for the de- 
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he angles of [The angles from Secantsto| Fhe Tang | The comp.ſhew-} 
ongitude from the perpendi- the Rad [of the num [ing the latitude 
B. | cular PD. | $227 bers, [of the arch. 

o d. opt | 58d. o pt 15745 [57d. 58 ef 32 dl. 42 pes 

5 „53 3 | 13833 %% 14% 3 86 
10 48 50 12417615 | 38 85 | 
15 0 33 50 1134318 60 41 4 
20 @ | 43 30 | 10513 % 43 99 
25 o 33 50 9861114 60 45 40 | 
zo oO | 28 350 | 9363143 12 c 88 
0 23 50 8972 41 95 48 10 | 
49 . © | 189 50 8676 o 9 | 49 os | 
6 a dee 
50 © 03 50 8306 9 71 50 29 

55 O 03 50 8 42 39 50 50 80 

The Perpendicular 8227 39 44 50 55 
60 I 50 8230 39 41 . 58 55 
65 6 50 8280 39 63 50 37 
7⁰ It 50 8291 40 oo 50 oo 
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For in che letting fall the fieſt perpendicular from L to F, 
you found the ſide P F to be 2870, which is the tangent of 
16 deg. 1 part, and this ſubſtcacted from the whole ſide 
PB the complement of the greater latitude 57 deg. 59 
parte, there reſts 41 deg. 58, fur the fide F B. 

"Thus the firſt part of th operation is performed. 
The ſecond is thus, which you may. beſt performe by the 


Logarit hme Sines, it being to be all wrought by Sines, 


As the Coſiae of F Coſine 16d. ef cm. Ar. o, 01 
To the Cofine of PBH Ceſide t 58 r.. 354675 
$0 the Coſine of PL Come 4 oo pre. 9,8842 54 

Te A Arts, 


To che Coſine of the dilt. BL Coſine 53.47 parts 9.775332 
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Propoſition 3. 


"When two places are ſo ſcituated „chat the one is under 
the Equinoctial, and the other toward one of the Poles, 
having difference of longitude, and latitude: how to 


find out tne longitudes and latitudes of a great Ciicle be- 
tween them ? 


| If the places differ juſt go deg. in longitude the worke 
The faſt e will be very plain and eaſie. For yuu muſt make the Tan- 
re gent of the latitude of the place your Radius, and then 
rg jun 5 the Secants agreeable to that Radius, according to their ſe- 
deg. in longi- veral angles of longitude, will be che Tangents of the la- 
ade, titude from the Pole. 

Thus in the figure following let 8 repreſent the Sammer 

Eee IIlinds, according to the longitude and latitude thereof; 

Che * of my the pricked line 8 E drawn from hence at right angles 

2 with the line A S, repreſents a part of the Arch of a great 

'Jea-man+ Circle, toward a certain place under the Equinoctial, 
whoſe dift:rence of longitude from & is juſt go deg, Now 
as this line 8 E ſhews the laticudes and longirudes of this 
arch according to the largeneſſe of the ſaid Radius, and us 
far as the projection will give leave, ſo it ſhewes a moſt 
plain way for the calculation thereof, when you require 
more exactneſſe, 

For here it is plainly viſible to you, that the Cotangent 
of the latitude, or the diſtance of $ from the Pole A, muſt 
be the Radius, and then that the ſeveral lines of longitude 
drawn from the Center A to this line & E, are the Secants 
of the ſaid Radius according to the angles of longitude, 
which meaſured bythe circles in the figure orthe tangents of 
latitude ia the tables, ſhew the Cotangents of the latitudes 


of the ſaid arch, according to the longitude deſited. $0 
hat this proporaion will hold good. 


1 


Ay 


La" xt 
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Thu is a Prigetion of almeſ — halfe of the Globe in plano, wherein the. | 1 


Center repreſints the Pole , the circles are the parallels of latit nde, which 


are drawn by a line of Natural Tavgents ; the ſtraight lines drawn from the 


Center art the Meridians, and as theje ave all ſt rang li lines , ſo any great | 


Circle draws wpon this Prijeftion will be a ſtraight line ; and any ſtraight line 


drawn upon thu Fr yitthon will be 4 part of a great Circle, and ſhew the longi- 


148 and latitudes thereof, 
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As the Radius 10000 
To the ſide AS Cotangent latitude 22 deg. 25 15745 
So the Secant of the angle of longitude 1© deg. . 10154 
To the Cotangent of the latitude of the Arch 15937 


Thus you may wot ke it by the ordinary Tables of Sines, 
Tangents and Secants, But if you will work more eaſily 
by theſe Tables, then yon need onely turn to the angle of 
the longitude, as ſuppoſe 10 deg. and there according to 
your Radius 1745 take out the Secaat thereof at 2 entryes; 
firſt the 2 firſt figures or 15000, the Table will ſhew for 

1523 the Secant thereof 5.23. Then for 745, or 745 75-64? 
—— 774 which ſet in their order and added together makes 

159864 1598.4 the laſt figure 4 being to be cut off to make it a- 
greeable to the Radius. And this number you ſhall find in 
the Table of Natural Tangents to anſwer to 57 deg. 97 
parts , the Cotangent whereof is the latitude of the arch 
32 deg. o; parts · And thus you may do for any other de- 
gree of longitude, and ſet them down as in this Table. 


The angie s The ſecants The tangents The Cotangents 
of longitude, to the Rad · of thoſe ſecant ſhewing the lat. 
D. A4. 15745 | of the Arch. 


15745 32 d. 42 pts, 
I5986 3: ®' 
16758 30 

18786 61. 28 

20379 26 

24496 22 

31500 17 

46053 I2 

40699 06 


Infinite | 00 


O 


9 0 0000 93900 
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In like manner the line D W ſhewes the arch of the 
Great Circle from the Straights of eas being in 53 
deg. South latitude , and the Mandof K. Thomas , being 
under the Equinoctial and having go deg. difference in lon- 
gitude. W hich are thus tobe caſt up, The line A W ſhewing 
the latitude of the ſaid ſtraights, is to be Radius, and ſo 
the Secants from & to the line W D, ſhew the complements 
of the latitudes of the arch according to their angles of 
longitude as before, 

It is ſomewhat more trouble (but not much) when the A ſecond ex · 
angle of difference of longitude is more or leſſe then go plc when 
degrees; for here you muſt firſt find out where the per- , 50 u, 
— which muſt be your Radius will fall upon the , Ife then 

ren,  godeg in lon- 

But yet this is eaſily performed in this caſe ; for the com- — 2 
plement of the difference of longitude, is the angle of the 
place from the perpendicular, ſo that you may readily 
frame your Table and ſet down your angles both from 
your place, and frem the perpendicular. 

Thus ſuppoſe you were to ſayle from 8, to a place juſt 
under the Equinoctial, having 42 deg. difference of _ 
tude; Draw the line 8 F at the angle of 42 deg, from t 
— , extending it on the other ſide of S to 1 or H, and 

t fall the perpendicular upon this line in the point P, 
which as 1 laid before, is the complement of the diffe- 
rence of longitude, ſo that S P is 48 degrees. | 

Theſe angles. being known, the length of the perpen- 
py AP will befound by the length of the Hypothenu- 

AS, 


For as the Radius 10000 

To the ſide A S 15745 
So the ſine of the angle at 8 42d. 66g1 
To the ſide AP the Perpend. 10535 


0 2 
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49 52 the angle 42 , you 


| ——— — 


105352 


The ſame numbet᷑ theſe tables will give, for if you turn to 
ſhall finde in the Sines under 43, (the 
column being tranſpoſed) for 15. co, to 10.04; and for 74 
495 2, which rightly placed and added, make 105 35.2 , the 
laſt figure being cut off. This is the length of your Radius 
AP, whichis the tangent of 46 deg; 49 parts, the comple- 
ment whereof is 43 deg-.51 parts, which is the greateſt lati- 
rude of this Arch, LIN 
Now the angles atthe perpendicular , and this Radius 
found ; the other numbers are the ſecants of thoſe angles 
belonging to this Radius ro535 , Which you may ſoon take 
out of the table of Secants , and ſet down as in the fol- 
lowing table, and ſo find the latitude of the Arch as before. 


Propoſition 4. 
How to find the longitudes and latitudes of che Arch,when 
the two places lyethe one Northward , the other South- 
ward from the Equinoctial. 


I have ſhewed plainly in my Geometrical Sea mau, that 


| ou the arch upon this projection doth not ſo viſibly 
e 


crofle the Equinoctial line , becauſe the tangents there 


run out to an infinite length: yet you may find very well 


where it will croſſe the Equinoctial; by drawing a line pa- 
rallel co any part of the arch, through the Center at A. 
Thus the line A F parallel to the line S E, doth croſſe the 
Equinoctial at 42 deg- as you may ſee by the degrces in the 
Circle. And fo likewiſe the line EX K being parallel to 
this line ſhewes the Arch repreſented thereby, which 
comes from the ſame point of the Equinoctial, and is the 
continuance of the Arch SF upon the other ſide of the 
Equinoctial. And thus you may continue the arch round 
about the Globe if need were, as theſe two parallel lines 
FSIH, and EX K G, being equally diſtant from the 
Center A, are the greateſt part of this arch round a- 
bout the Globe. 

Has 
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Having therefore any two points of the arch you may 
find all the parts thereof. And theſe two points you al- 
wayes have, for in this ſcituation, though you cannot 
draw this one line by both the latitudes, yet the oppoſite 
point of the one latitude , and the latitude of the other, 
ſerves as well as if the places were both upon one ſide the 
Equinoctial. — 

Thus if you were to ſayle from S having North latitude 
32 deg. 42 parts, to X having South latitude 35 deg. 20 
parts, and diſtant go deg. of longitude, you may draw 
one part of this Arch S E, by the latitude of S and the op- 
polite latitude of Xin the point 1: and the other part of 
the arch EX K by the latitude of X and the oppoſite lati- 
tude of S which is K. 

And thus working in either part of this arch to find the 
perpendicular, and ſo where theſe arches croſſe the Equi- 
noctial according to the rules of the ſecond and third Pro- 
poſition, you may work moſt exactly. 

But as 1 ſaid before if you be any thing careful, and work 
by a good large tangent line, you may find this perpendi- 
cular, and the degree where it falls exactly enough by 
your Ruler and Compaſſes, and fave much of this labour, 
it being needleſſe to be ſo curious to worke to minutes or 
hundred parts of a degree. 

And though I have ſhewn you theſe wayes of ca'culati- 
on, I would not wiſh you to keep ſtrictly to them ; only 
thus chey may be of a very good utc, that when you have 
found out ſome of the latitudes and longitudes ofthe arch, 
by your projection of tangents, and your tangents runne 
out too far, (as they will im ſuch places as are neer the E- 
quinoctial) then by the perpendicular and the angles from 
it, you may make ſuch a briefe calculation as this, and ſo 
helpe your ſelfe without making another projection, and 
do it ſomewhat more exactly, and with leſſe trouble. 


A 


— 
ITS ES — 
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Thus in this example having drawn the line IS E and 
found the perpendicular to fall in P, ar 48 degrees of lon- 
gitude from 8, and the length of it to be 10535, or the 
tangent of 45 deg. 49 parts, make a table of the angles 
and work this Radius 10575, asd you ſhall find the lati- 
tudes of the arch as in this tahle, though you had but two 
or three of them upon the projection. 


The angles of (The angles from Secants to The Tang The complem. 


— — 


longitude from| che perpendi- the Rad [of theſe ſe-] or latitude 

the point 5. caiarP, 10535 | cants, of the arch. 
oP 45 0 | 15745 | 57 58] 33 4 S 
10 0 58 © 19380 |63 300 26 70 & 
20 O 68 O 28123 | 70 43] 19 37 'Þ 
30 0 78 © 50667 | 78 $g) 11 16 F 
40 oO | 88 © 301828 | $8 10] o8 90 — 

The 8 Equi- znoctial | 

5o © | 98 5 6 g83| 75699 ᷣ 82 47 o7 $3 7 
60 o | 108 5% 72 | 34092 73 65 16 35 A 
26 o [18 v2 62] 224% ö g8| 24 By > 
go o | 128 2 F 52] 17112 |59 70 30 30 8 
90 o 1138 88 431 14176 54 80 Ty 0 * 


— 


The ficſt part of this table ſhewes the way of the arch, f | 
from S to the Equinoctial, the latter part ſhewes the way, , .. — — 
from the Equinoctial to X in 35 deg. 20 parts of South la - % deg. take 
titude, wherein all things are ſo plain, tha: I hope they their comple- 
need no farther explaining, only here you may take no- ments to 180J 
tice , that the angles at the perpendicular being above 90 degrees. 


deg. in the later part of the Table, you muſt take their com- 2 
plements to 180, which is a ſure tule in any like caſe. je 
And thus theſe latitudes and longitudes of the Arch be; ub 


ing found out, your beſt way will be co prick them down 
upon your Sca-Chart , and ſo draw a bending line * 
; om. 


1 1. 
. > «ca 
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from point to point, by which meanes you ſhall ſee all your 
voiage,how to direct your courſe ſometimes upon one point 
and ſometimes upon auother point of the Compadle , that 
ſo you may alwayes keep as neer the arch of the Great Cir- 
cleasyoucan, by which meancs you will not onely ſayle 
the necreſt way, bur many times the moſt convenient way, 
eſpecially when you are to run your courle in or neer a 
parallel of Eaſt and Welt. As you may ſee this tull; ex- 
| plained inthe latter end of the fifth Chapter of my Ge» 
metrical Sea-man. 


— 


CHAP. IX. 


Shewing ſeveral Propoſittons very uſeful both in 
the Art of Navigation and Sur Ueying. 


le Art of Navigation, and the Art of Survey ing are 
more like one another then many think of, for that 
which the one doth uponthe land, the other doth up- 
onthe water, which is to find the true diſtances and an- 
gles from place to place, onely the Surveyour worketh up- 
on ſhorter diſtances , and which requite ſometimes more 
exactneſſe; and the Sea-man in larger, wherein be nei - 
ther can nor need be ſo exact. And alſo he that will be a 
200d Sea- man, muſt have ſome skill in this Art of Sur- 
veying, ch et ſo he may be able to deſcribe the Coaſt of a- 
ny Countrey or Iſland, Port er Harbour, which he ſhall 
happen to diſcover. And therefore as I ſhall not much 
wander from my intending purpoſe of Sayling , applying 
moſt of theſe Propoſitions that way: ſo in ſome things I 
ſhall direct the Surveyour fo to order his worke according 
to theſe Rules and Tables; that he ſhall per forme his work 
hereby, better then by any other Inſtrament wharioever. 
And my intent here is not to ſhew you the uſe of che ſe- 
veral Inſtruments whereby theſe things may be png, 
| ut 


a +* 0 ä 122 
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. 105 
but to help you in the © thereof by theſe Tables, = 
having found the angles and ſome of the lines by any in- 
ſtruments fit for the purpoſe. 


Propoſition 1+ 


Having the ſlaaping fide of an Hill, and the angle at the foot 
1 zo find t perpendicular height , — length of 
the Horizontal line thereef. 


CA 
A. Let the ſic pe fide AC be 30 
2 o poles, and the angle at A 37 de- 
* grees. 
37 4o B 


As the Radius or ſine of go degrees 
To the ſloap ſide A C 50 poles ; 
So the fine of the angles at A or C, 
To the ſides oppoſed thereto. x 


Look in theſe Tables for the angle at A whieh is 37 deg; 
and find the length of the (loap fide which is 50 poles in 
the margent, and in that line in the two columns of Sines, 
you ſhall have 39 poles 93 parts, for the one (ide, and a 
30 poles og parts for the other ſide, which is 40 poles fe- 
re, for the Horizontal line, and 30 poles or little more for 


the perpendicular line, 
Propofition 2. 


To find the beightef an Houſe , Steeple, Tower or Tree from the 
— length of the ladder which will ſcale its 


ail 


ou can approach the bottome or foot of the thing 
height you deſire, the rhing is eaſily perſarmed by 


the quadrat, or croſſe ſtaffe, going lo far back, till you 
make the top of the thing to appear juſt at the angle of 45 
deg. and then meaſure the diſtance from your ſtanding to 
the thing , and it is equal to the height thereof, or more 
exactly to ſo much thereof as is above the level of your eye. 
And then the ſloap fide is found by adding ber the 
two ſquares of the ſides, and ſubſtracting the ſqdare toot 
thereof, Thus the angle at D being 5 and the diſtance 
from D to B being 40 feet or yards, the height B C is al- 
ſo 40 feet or yards. If you cannot come ſo neer 8s to mea - 
ſute between your Ration of 45 deg. and the baſe of 'the 
thing by reaſon of ſome Moat ot Wall, yet by the — 
Tlon of the line of quadratuve , you may help your ſelſe; 
In which caſe it is beſt to take ſuch a diſtance backward for 
your ſecond ſtativn, as may be equal to che height deſiredd, 
wherein the Quadrat or the degrees df the Quadrant will 
direct you. 

Thus if you could not meaſure the diſtance from D to B, 
then goe backward from D to E, till you ſae the height C to 
make an angle of 26 degrees anil « halſe, and meaſure the 
diſtance between D — * . be likewiſe feet or 
yards equal to the height B C, the hole ſine E-B being 80, 
vyhieh is double to the height. TRENT oe 
If you cannot help your ſelfe any of theſe wayes , but 

are 
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are forced to a certaine ſtation, then obſerve the angle at 
your ſaid ſtation as at A, which is 53 deg. and meaſare 
from thenceto the foot of the thing, according to the line 
AB zo fect, | 


Then as the Radius or Tangent of 45 deg. 10000, 
To the ſide A B 20 feet; 


So the tangent of 5 deg. I 3270, 
To the height BC 39 feet 81 parts; 
And ſo is the Secant of 53 degrees, 16616, 


To the ſloap line A C 49 feet 85 parts. 


Look in the Tables for the angle 53 deg. and againſt 20 
in the margent, the tangent of 53 deg, is 39.81, and the 
lecant is 49.85 , which is very neer 40 feet, and 50 feet. 

In like manner turn to. che 355 and there againſt 
4 inthe margent, you ſhall ha de the Tangent or the line 
B Co, and the Secant or line DC, 56.43 parts. So 
turn to the angle at E 26 deg; +, find the diſtance E B 
which is 80 in the margent, the Tangent or line BC is. 
40, and the Secant or line E C is 89. 65 parts. 


Propoſition 3. 
Ts find the ſame things another way. 


Though the quadrat is good to find the perpendicular 
as. I ſhewed before, yet it doth not ſo readily ſhew the Hy- 
pothenuſal or ſcaling ladder , which in many caſes is the 
chiefething looked after, This may be better found by the 

of the Quadrant, if you take notice of this obſerva- 
tion, which 1 think few hitherto have chought of. 

Let your firſt Station be any where at randome , or as: 
neer as you can come to the foot of the Tower or Wall for 
the ditch or moat, as ſuppoſe at A, and obſerve there the 


of the height of the thing, which let be any degree 
angle 8 as . ny — 


1 


whatſoever, as here it is 53 deg. I ſay if you goe ſo far 
backward from this Station at A toward D till you make 
the thing appear juſt at balfe the foreſaid angle, which is 
here 26 deg. that being the half of 53 deg. that then this 
diſtance from A to D is the true length of the ſloap ſide 
A C without any farthef. trouble, and a ladder of that 
180 length ſhall ſcale the ſaid moat and wall, allowing onely 
5 for the height of your eye above the ground | 
127 hat this muſt needs be ſo, I prove it thus. In the Tri- 
angle A B C the angle at A is obſerved to be 53 deg. there - 
fore the obtuſe angle at A, of the triangle D A C being the 
: 153z complement thereof to 180 deg. mult needs be 127 deg. 
026. And the angle obſerved at D being 23 deg. v, being ad- 

ded to127 dep. theſe two angles make 153 deg, therefore 

*Theſe are the third angle at A muſt* needs be likewiſe 26. dep. 4 » be- 
ws _ ing likewiſe the complement of the (aid two angles 1534 
ae deg. to 180. Now theſe two anglesat D and C being both 
thre angles of qual, viz 26 deg. 2, therefore the ſides AD and AC 
a Triangle ate muſt alſo be equal. So that the ſide A D being mea ſure d 


qua l to 180, and found te be 50 feet; the ſcaling ladder A C mult like- 


deg. and that yyiſe be 50 feet 
the ſides ate ] 1 | 


— And now if by this line A C thus found out to be 50 feet, 
in proporton Yo would alſo know the height of the wall BC, and the 
to the oppoſite angles : upon which this Propoſition is grounded and proved: which 


though it hath not been obſerycd, yeris very brief agdulcful both in this and ſome o- 
ther following caſcs, 
breadth 


* 180 


— 
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breadth of thedicch AB, turn to the angle obſerved at 
A which was 53 deg. and there againſt 5o in the margent 
under the two columns of Sines, you. ſhall have 39 feet 
93 parts, for the height, and zo feet 9 parts for the wide- 
neſle of the ditch, | 


Propoſition 4. '.. 


Being upon the topf a Tower, Steeple, or Maſt of a Ship,anf 
obſerving the angle of the diſt ance of any thing from you, to 
find the true diſtance thereof. | 


Theſe things may be found out by the Quadrat or Qua- 
drant , for obſerving the proportional part of the Qua- 
drat, you ſhall find the things to be 1, 2,3, 5, or more 
times diſtant then the height of thc Tower or Maſt... So 


that if you know the beight of chem you may ſoon find 


the diſtance. 

But this may ſomewhat more eaſily be found by the an- 
gles of the Quadrant, eſpecially if the numbers obſerved 
do not fall in equal parts, but that you muſt uſe pro- 
portion. * dans 

For in this caſe here is nothing to doe in the uſing of 
theſe tables, but turn to the angle of the diſtance, or the 
complement of the angle of depreſſion, and find the 
height of the Tower or Maſt in the margent, and in that 
line, the tangent of diſtance, or cotangent of depreſſion, 
ſhewes you che diſtance without any more trouble moſt 
exactly. 3 

Thus let the height of the Tower of Maſt be 40 feet, and 
let the angle of Diſtance be 89 degrees or one degree un- 
der the line of level: the Tangent belonging hereto a- 
gainſt 40 in the margent , is 229200, which ſhewes the 
diſtance of the thing is juſt 2292 Feet, And ſo youmay do 
for any other angle of diſtance as in this little Table. 

a | je 


—_ Ps. ea -. - 
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The angle The true The angle The true 


of diſtance. diſtance of diſtance diſtance 
Deg. | feet pts Deg. | feet pes. 
89. 2292,00 | 75 149.28 
88 1146. oo 70 109. 96 
86 | 0764.00 65 08 5:78 
87 0573-00 60 069.28 
85 0457.20 55 937.13 
85 0380 · 60 50 047.67 
8 | 226.85 45 | 040,00 


* 


The like the tables will ſnew you for any other height of 
the Tower or Maſt in feet or yards, in any other meaſure, 
or for any other angle of diſtance whatſover. 


Propoſition 5. 


By the height of the Sunne aul the length of t he Shadow,to find; 
the bright of any Tree, Houſe, T ower, or Steeple. 


This is ſomewhat like to ſome of the former Propoſiti- 
ons, only this way it may be more ptactical, for it is an 
hard taske to find the angle 
of the height of any Houſe, 
Tree, &c. unleſſe you have 
an Inſtrument fitted on pur- 
poſe to a Standard, — 
may keep it at what 
you pleaſe: But this con- 
cluſion you may try (almoſt 
| as.well) by rp drape Qua- 
drant or pocket Inſtrument. For by any of theſe — 

obſerve 
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obſerve the height of the Sunne tos degree, and its halfe x 
or quarters, which will be fufficient for theſe concluſions. 

And thus or any other way knowing the Suns height, and 
mezſuting'the length of the be Shadow, the Rule is thus; 


As the Radius 10000 
To the length of the Shatlow © 
So the maße ent of the Suns height, 
To the height of the thing deſired; 


Thus let the height of the Sunne be 37 deg · andthe 
length of the Shadow be 40 feet 
Turn to the angle of 37 degrees, and 2gainit 40 inthe 
margent, you ſhall have for the tangent 30.4, Whick 
ſhewes the height to be a littleabove 30 feet. 


Propoſition. 6. ho . * 3 


ran tof Tauer, 8 „ or; 
dicular ro Camo » to find#he 4 = Eger 
r the grows to any a ow wake 
re ; I; A 960 


Let the ——— B C be 30 Feet, abit M Auge of 
the Suns height 37 degrees. 


As the Radius 10000 

To the height of the perpendicult C & 3 0 feet ;" 
$0 the co- tangent of the Suns height. 

To the length of the Shadow. 


Turn to the angle of che Suns hei kei the tab h 
is 27 degrees ,'and there pine 8 0 the mar 1275 


cotangent of 37 degrees * 1 tayoent in — 
column) ſhewes the lengt a Sale 15 81 
patts, or go feet fo. 


prop. 


4s les. 


. r 
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„ propalition” 7. 4229 


Knowing the wed ir the perpendicular and the length of the 
— to know the angle of the Suns height. 


As the height of che perpendicular. 
To the length of the ſhadow; 
So is the Radius 10000 
To the Cotangent of the eight. 


Let the perpendicular be 
30 feet high, and the ſha- 
dow 40 feet long, the Co- 
tangent of the height is 37 
degrees. * 
For turn over the Tables . 
till you find ſome tangent or 4 of 
other, that ſhall be neer ' 
50. oo parts againſt 30 inthe 
| margent,'this you ſhall find at the angle of 53 , where a- 
gainit 30 in che margent , the tangent is 39. 81. So that 
you may judge the Suns height to de — to the Co- 
eangent thereof 37 degrees... | 


Propoſition 8. 


To know when the Shadow of any perpendicular Stile or Gnomen 
1 1, 25 3, 4,5 5207 10 fh, dangers ib. 03 51 


Look over the Table of tangents, and ſee at akin de- 
grees the Radius which is 10000 doth encreaſe to ſach a 

oportion as to make 20000, 30000, &c. which is twice; 
three times, &c. the Safin 00d the .Co-rangents of thoſe 
numbers ſhew the height of the Sunne, when the (ſhadow 
will be ſo many times looger than the ſaid perpendicular, 
whygher i it be Tree, Houſe, Steeple,or any ſuch like. Thus 
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Thus at 45 deg. the ſhadow is equal to the heigbt. 


At 26 deg, 56 parts, the ſnado is double to the height. 


At 18 deg. 43 parts, the ſhadow is three times the height. 
At 14 deg. 04 parts, tlie ſhatlow is four times the height, 
At 11 deg. 31 parts, the ſhadow is five'times the heighit. 


At any of theſe times you may eaſily find the height of a- 
ny thing by the ſhadow thereof. 5 OG 

Or you may performe this by any walking ſtaffe or 
ſuch like; for if you find the ſhadow thereof, (being 
held upright) to be 1, 2, 3, 4,5, times the length thereof, 
you may judge the like by the ſhadowof any Tree, Houſe, 
or Steeple and ſo by meaſuring the ſhadow thereof, at that 
inſtant find the true height thereof. 


Pro poſition 9. 


Having the length of any Stile or Gnomon, ſt anding ont at right 
angles with any perpendicular , to find the length of the con- 
trary ſhadow , or the ſhadow upon the ſaid perpendicular, at 
any degree of the Sung leigt. I 


If you divide your Stile or Gnomon into 10 or 100 patts 
ſo that it may have a viſible proportion to the Radius of 
Tangents ; which is 300 ,. in the firſt part of the columns 
of the Tables, or 19000 if you take in all the figures, then 
the tangents of the degrees in the Table, either in the tenth 
or Jaſt line thercof,-willſhew you the true length of the 
ſhadow , according to the proportion of the Radius of 
your Gnomon, to the Radius of the Table. * 

But if your Gnomon be divided into any other,number 
of parts the rule is this; C7 eile TI "3 2121700 

20 dad: ob wen oi an ni 

As the Radius or tangent of 45. +: - Ten 
To the length or parts of the Gnomen 
So is the tangent of the angle f the Sans height 
To the length of the parts of the 28 | 


, ©7 


Thus 


"I 
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aſſe, to ſhew you the hour of the day by the height — 


Thus if you take a Carpenters. ; 
ſquare, whoſe ſhorter ſide is 12 In- . — 
ches, and would know the lengtBun 
of the ſhadow thereof, upon the BE 
longer (ide, being held up perpendi- * 
cularly, the Suns height being 37 de- 

rees. 

Turn to the angle of 37 deg. and 
againſt 12 in the margent you ſhal 
find the tangent thereof is og. og, © 
that is 9 Inches 4 hundred parts: And 
here likewiſe you may ſee that ſhadow at 5 3 deg. which ia 
the co-tangent will be 15.92, that is 16 Inches fere. 


D 


Propoſition 10. 


Obſerving how many Inches the ſhadow of the ſhort ſide of ſuck 
4 Square doth reach upon the longer to find the height of the 
Sun ther ehy, | | 


The Radi us here being the ſhorter ſide of the ſquare 
which is 12 Inches, and the length of the ſhadow being 9g 
Inches or 16 Inches. And the Suns height is deſired at 
theſe times.. 

Turn over the Tables, ſtill having an eye to the number 
of your Radius (which is 12 Inches) in the margent, un- 
till you come to have atangent- number againſt it, which- 
ſhall be the very ſame, or the neereſt you can find to 
number deſired, and that is the angle of the Sunnes height, 
which in this Example falls out to be much about 37 degrees 
and 53 deg- 

By theſe two concluſions., you may make the hook of 
any walking ſta ffe to ſhe you the height of the Sun, ma- 
kinga Tangent line upon your ſtaffe. And hereby after 
the manner of a Cylinder you may draw a Dyall upon your 


1 aa. ala ht. 
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the Sun at any time of the year, And though this will not 
be ſo uſefull for Sea- men, who ſayle into divers Coun- 
treyes, and continully are altering their latitude ; yet it is 
very ready for Land-men, to know the time of the day as 
they walke abroad. 

But yet if the Croſſe Staffe, or an Inſtrument ſomewhat 
like it were ſo fitted , that it might have a good heavy per- 
pendiculer Staffe of about a yard long, or a good weight 
at the end, to keep it ſteady ; and a light tranſome at the 
top for a Gnomon, about 10 Inches or a foot long , divi- 
ded into 100 parts; you may by the table oftangents di- 
divide the perpendicular exactly into degrees; which ſhall 
ſhew you the height of the Sun as exactly and con- 
veniently as any other Inſtrument uſed for that purpoſe, 
if not better then moſt of them. 


Propoſition 11. 


To find the diſt ance of a Fort or Caſt le,that you dare not go to C, 
or the breadth of a River or Mater; that yon cannot paſſes 
er meaſnre over it. 45 
Standing upon the banł of the River at B, obſerve ſome 
marke againſt you on the farther ſide thereof as C, and ſo 
ſetting up a mark in the place where you ſtand at B, goe 
either to the right hand or left directly ſquire wiſe to theſe 
two markes, ſo far until{ you eſpie the marke C on the fur- 
ther ſide doth juſtly make an angle of 45 degrees > with the 
mark B where you ftood laſt, 3 
and this will be when youcome Tee 
to A. And now in this caſe ha- CES”; 


mea ſure the diſtance , between ©: r LEE 


your 2 ſtations B & A,and that E ſh 
ſhall be equal tothe breadth of 7274 ii 


the Rive1: So that if the one be BB A D B 
10, 20, 30,40, or 100 poles, the 
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other is alſo juſt as much. The like you may do though the 
angle be any other degree, either more or leſſe then 45, but 
this is the beſt and readieſt angle to find out ſuch a diſtance: 
and therefore when you can uſe this, I would wiſh you to 
uſe no other. 

The like alſo you may do at Sea, and thereby gain the 
diſtance of any Ifland, Cape, or Head: land from you, 
which you eſpie by chance as you are layling upon your 
courſe: without any altering of your courſe at all, 

As if your courle were Eaſt and Weſt between A and B, 
and between A and B, and being at B, you ſpie land at C, 

lying juſt at right angles with 
your courſe, keep a good ac- 
count of your way till you 
come to A, where you obſerve 
the ſaid place C to make juſt 
an angle of 45 with your paſ- 
ed courſe B A, and (6 the di- 
ſtance of your way ſayled be- 
tween theſe two places, ſhall 
be the -true diſtance of the 
place C from the firſt place of obſervation B. . 

The work is all one, though in ſayling it is moſt likely 
that the firſt place of your obſervation will be at A, where 
you obſerve the place C to lie 45 degrees from your courſe 
A B, and afterward coming to B, you find there it lyes juſt 
at right angles from you, for ſo your diſtance ſay led from A. 
to B, is equal to the diſtance from Bro C. 

And if you would have the ſloaping diſtance A C, turn 
tothe angle of 45 deg. and. there finding your diſtance 
ſayled in the margent, the Secant thereof will ſhewyou 
the ſaid lope line. Thus if the diſtance ſayled A B be 10 
Centeſmes or miles, the diſtance from A to C is 14.14, that 
14 Centeſmes or miles and 14 hundred parts more. 

7. pr Prop. 


Propoſitions of Surveying. 


Propoſition 12, 


To find a diſtance by obſerving the angles upon which the thing 
H from you at any two places, one whereof ſhall be a right 
ang le. 


It may«ſometimes ſo fall out, that either for want of 
room upon the land, or want of day light upon the water; 
you cannot oblerve the place at the right angle, and the an- 
gle of 45 degrees, as aforeſaid. In this it will be your beſt 
way to let the one of your obſervations be at the right an- 
gle, and the other as your conveniency will ſerve either a- 
dove or under 45 degrees, onely it is good to let the di- 
ſtance you take be as much as you can, (I mean fo) that 
the angle need not fall too much neerer then 45 degrees, 
the which: in this caſe you need not exceed, unleſſe ſome- 
times you have let ſlip the time of your obſervation at 45 
degrees, before you are aware, and ſo you may make uſe 
of any angle rather then looſe your pains in the former ob- 
ſervation. | 

In this caſe the worke will not be much more then 
the former , is being onely the reſolution of a right angled 
triangle , which you ſhall performe by this rule, 


As the Radius or Tangent of 45 degrees, 
To the diſtance ſayled; 
So is the Tangent of the acute angle obſerved, 
To the diſtance from the right angle obſerved. 
And ſo is the Secant of the acute angle, 
To the diſtance from the acute angle, 


Thus the angle at D being 56 deg. or five rumbs from 
the courſe , and 


the diſtance ſayled from B to D being 10 


* * 


— 
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A good way to 
meaſute inac- 
cc ſſible 
ne ighis. 


Miles or 10 Centeſmes, which is two leagues and the di- 


ſtance C Band CD is required. Look in the tables for the 
angle of 30 deg. and againſt 10 in the margent you ſhall 
find the Tangent thereof is 14.83, that is almoſt 15 Miles, 
or 15 Centeſmes, which is 3 * , and this is the di- 
ſtance B C; And the Secant of this angle is 17.88, that is 
ER 13 Miles or Centeſmes z which is the diſtance 

C. 

The like manner of work it will be, if the place of the 
acute angle were beyond the angle of 45 degrees as at E, 
or at what angle ſoever it happens: but as I ſaid you need not 
goe beyond the place of the angle of 45, for thereabouts 
is as good a diſtance as you can chooſe. 

And either of theſe two wayes you may obſerve like- 
wiſe an altitude which you cannot or dare not come neer; 
for if you obſerve a time when the ſhadow is 2, 3, or 4 
times the height of a thing, and obſerve at that inſtant 
where extremity of the ſhadow doth lye , make that place 
the Station of your right angle, and goe from that place 
ſquire wile eitherto the right hand or left, till you come to 
an angle of 45 deg. or any other angle thereabouts, ſo 
yon ſhall find as before the true length of the ſhadow, 
and by that the true height, better then by going back- 
ward from the the place according to the ordinary way, as 
was ſhewed before in the 2 Propolition. 


Propoſition 1 3. 


BY the way of your ſhip , and any two anglesof Poſition to find 
the diſtance of any Iſland, Cape, or Head land from you. 


If you cannot with any conveniency bring the place e- 
ſpied by you to a right angle, yet you may doe the buſineſſe 
with a little more trouble by any two angles whatſoever, 
wherein firſt I ſhall ſhew you th 
you may help your felfe herein. 


e ordinary way and how 


The 
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The ordinary way is to take any two angles at randome, 

ovided the diſtance ſayled between the two obſervations 
- ny thing conſidetable to the diſtance of the place de- 

red. 

As thus, ſuppoſe you were 
fayling from A toward B full 
North, and being at A ſhould 
eſpie a land mark at C, bearing 
from you N NE, or NE 22 
deg. 3. And ſayling ſtill on your 
courſe to B about 10 miles, 
fhould obſerve the ſaid places 
C to bear full VE or 45 deg. 
and by theſetwo obſervations, 
you would know the diſtance 
of the placeC, from B, or A, 
or both , and alſo from the 
place of the right angle at D. 

Here you have the oblique 
triangle A BC to reſolve in 
which you have the angle at A 
22 deg, . Then the obtuſe an- 45 
gle at B13 5, being the com- — — 
plement of the acute at B, which was 45 to 180. And 135 
thirdly, you have the angle at C, which is the comple- 
ment of both the aforeſaid angles at A and B to 180, be- 13 5 
ing 22 deg. ; And laſtly, you have the ſide of diſtance ſayled 2235 


A B, which is 10 miles. : 1 
157. 


Therefore as the ſine of the angle at C 22 deg. 3 
To the fide oppoſed thereto, A B 10 miles; 

So is the ſine of either of the other angles, 
To their oppoſite ſides. 


To performe this by theſe tables, turn to the Sinoof 22 
deg. 1, and look down the column of the Coſine 6 de- 
Sees 
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grees 2, (becauſe thele columns are tranſpoſed) until you 


find your number of miles , which is 10 , which will be a- 
ozinſt 26 in the margent (if you allow the proportional 
part) mark this line in which you find it: Now turn to rhe 
orher angleatB, which is 135 degrees, whole comple- 
ment is 45 degrees , andthere in the -6 line of that leafe, 
you ſhall find 18.38 , which ſhewes you the lepgth of the 
line A C being 18 miles 3 parts. | 
The like you might do for the other ſide BC, which 
here will fall out to be the ſame with A B And having 
either of theſe ſloap ſides, A C, or BC, yon may either by 
the firſt caſe of Triangles , or the firſt Propoſition of this 
Chapter find the ſides of the right angle CD and DB or 
D A, 


Propoſition 14. 


To performe the ſame thing by two liks angles of peſetion more 
fitly ch:ſen for the p urpeſe. * 


In the eighth Propoſition, I ſhewed you how to find ont 
ſuch an angle as would make the ſhadow of any perpen- 
dicular to be 1, 2, 3, 4, 5 or more times the length there- 
of. And the ke you may do by the Quadrat. Now if yon 
make your obſervation of the polition of ſuch a place as 
this, at two ſuch angles as ſhall agree to this Quadta- 
tical or right angle diftance , you may then teſolve your 
triangle by the rules of a right angled triangle, * 

Thus, if you firſt obſerve at E, when the place C doth 
bear from the line of the courſe B E 26 degrees 4 » (at 
which angle the tangent is twice the length of the Radius 
and then again watch the time hen the place C makes an 
angle of 45 degrees from the courſe as àt O, (ät which 
angle the tangent is once the length ot the Radius) it muſt 
neeeds then follow, that the diſtance ſayled between E 
and D, is equal to the diſtance at the right C B, which 
oa make the Radius, the lines C D and C E will be the 
\ $93; Se- 


> 


'Secants of the complements of the anples obſerved at D 
and E. 

Thus the diſtance ſayled between E and D being 4 leagues 
or miles, and this being equalto the Radius C B, turnto 
the angle obſerved at D 45 deg. and againſt ꝗ in the mar- 
gent the Secant is 5.65, likewiſe turn to the angle obſer- 
ved at E being 26 deg. +, and againſt ꝗ in the margent, 
the Secant of the complement is 8.98 parts. And thus you 
have the diſtance of the place C, from all theſe three pla- 
ces E D and B, and thus knowing the Radius CB, you may 
know the diſtance from it at any other angle, 


Propoſition 15. 


To perſorme the ſame thing by two angles choſen ſomewhat wore 
readily. oo, "RA 


The beſt and moſt ready way to performe this, is by ta- his propor. 
king two ſuch angles, that the angle at the ſecond Station tion is ot ex- 
ſhall be either juſt the double, i you goe neerer, or elle juſt cellent and 
the. halfe, if you goe farther off then the angle at the firſt read) ule in 
place. By this means the calculation will-be moſt. eaſily, — I 
performed, and there willl belitle trouble in the obſerva- ach not hem 


obſerved by any, bur only to work i all ou by calculation, 
Gs ten 
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tion, for the one of the angles you may take at randome, 
no matter what it is , only you muſt have a care to obſerve 
when you are juſt upon the halte or double of the firſt an- 
gle; which you mult alſo do if you were to worke by a 
right angle: ſo that che trouble will be little more in this. 
then in chat. 
For Example, ſuppoſe you 
were ſa yling full North from A 
toward B, and being at A 
D TT, ſhould eſpie land at C, bearing 
from you two points to the 
Eaſtward vis. NNE, or N E 
22 deg. x, and ſayling ſtillup- 
on your courſe till you come to 
B, you there obſerve that the 
ſame place beares from you juſt 
4 points, or foll VE 45 deg.. 
which is juſt double to the an- 
le you obſerved at A. If you 
ould do no more then thus, 
yet by this you may aſſure your 
ſelfe that the diſtance you have 
ſayled between A and B is juſt- 
ly equal to the diſtance between 
this ſecond place B, and C the place obſerved : So that if 
A B be 10 miles, or Centeſmes B C is likewiſe 10 miles or 
Ce nreſmes. 
Thar this muſt needs be thus is plain; for in the triangle 
A BC the acute angle or outward angle at B being 45 deg. 
the obtuſe and inward angle being the complement there- 
of to 180, muſt be 135 deg, and the angle at A being 22 
deg. 1; being added to this, makes r 57 deg. 2, which ſub- 
ſtrated from 180 , there muſt needs reſt for the angle at 
C 22 deg, + Now this angle at C, being equal to the an- 
gle at A, which was 22 deg. 3 alſo, therefore the fide A B 
oppoſed to the one, muſt needs be equal to the fide B; C 
op» 


* 


: . 
1 = 
* 


Propoſurams of 8 Sorveying. 


oppoſed to the other. So that the diſtance ſayled from A 
to B, is equal to the diſtance from B ra C, and upon this 
account may be known without any farther trouble or cal · 
culation. 

And this falls out not onely thus in this angle, but in any 
other, as you may ſee in the 2 propoſition: and you may 
eaſily try it in any other angle. So that let your fi ſt angle 
be what it will, you need not much care, onely watch 
when you bring the place to the double, or halſe at the ſe- 

cond place of obſervation, as you go neerer, or farther 
from the place. 


Thus in approaching to a | Orin going from a place. 
place. 

— — ſe- 
angle o cond an- 
ſerved ound 
; a point. 7 point. 4 points. 
x point, 2 points 2 points, 
2 points. 4 points, I point. 
4 points. 8 points. x point. 


The ſame is true alſo in the degrees of the Quadrant, 
and holds good though you paſſe the right angle. 


The firſt, The ſecond. | | The ſirſt. The ſecond. 
x degree” 2 degrees. 160 degrees, 80 degrees. 
2 degrees. 4 degrees. | 80 degrees, qo degrees. 
4 degrees. Sdegrees, | -40 degrees. 20 degrees. 
8 degrees. 186 degrees. 1 degrees. 10 degrees. 
16 degrees. 32 degrees, to degrees, 5 degrees. 
32 degrees. 64 degrees. | 5 degrees, 2 deg-5 
64 degrees. 128 degrees. | | 2 deg; x deg. a 
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1 8 And now if — would know how far A the other 
place of your obſetvation, is diſtant from C, you may do 
it ſeveral wa yes 


As firſt in the triangle A BC: you have the (ide A B 
which is the diſtance you have ſayled , which ſuppoſe to 
be 10 miles ot Centeſmes , and the ſide B C which is equal 
thereto, and all the three angles; therefore by the oppotiti- 
on of ſides and angles you may find the ſide A C to be 18 
miles or centeſmes, and 38 parts, as I ſhewed before in 
the 13 Propoſition of this Chapter. 

But it will be the better way if you find the Radical di- 
ſtance, or diſtance D C, at the right angle, fo you ſhall. 
afterward readily find the diſtance of the place at any other 
angle. 

Rs this Radical diſtance is thus found out, for here 
you have (lope line or Hypothenuſal B. C, and the angle 
at B 45 , and therefore according to the firſt caſe of trian- 
gles, turn to the angle 45, and there againſt che length 
of your {lope fide 10 miles or centęſmes, you ſhall find the 

2 columas of Sines giving you for the 2 ſides 07.07 (which 
here fall out to be both equal) this o. o/ parts is your Ra- 
dius C D, and no the Secant of the complement of any 
angle obſerved, will give the diſtance thereof. 

Thus the angle at A being 22 deg. , curn to this angle, 
and if you uſe the proportional part, for the parts of the 
degree, and the parts of the number, you ſhall find the 
Co-ſecant-for this diſtance and angle to be 18.38 parts, 
as before. 

And thus you. may find the true diſtance of any other 
place, from this place C, by the angle obſerved at the ſaid 
place, as long as you are in fight thereof , keeping your 
way ſtill upon the ſame courſe.. wb 
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Propoſition 16. 


Knowing the diſtance between two places on the land, and bow 
they bear one from the other , and having their angles of pe- 


_=_ at the pip, to find the diff ance of your ſhip ſrum either of 
8 


m. 


This Propoſition is laid down, and thus reſolv 
Gunter, in the end of his croſſe ſtaffe. un 

But the beſt way to obſerve, is to bring one of the places 
to a right angle, as if the places lye Eaft and Weſt, to bring 
one of them North or South of your ſhip: ſo you ſhall 
have a right angled Triangle, whoſe three angles and one 
of the ſi kes are known , which he ſhewes how to reſolve by 
Sines ; but it is better to do it by the Tangents and Secants- 
making the diſtance between the two places your Rad ius. 


Let the two places be D and 
C,which lye Eaſt and Weſt,and 


the diſtance between them 7 
miles 7 parts, and let the ſhip- 


be at A, and the angle obſerved 
between D and C 22 deg. +. 

Turn to this angle of 22 deg. 
or 23 deg. and againſt 15 in 
the margent the Co · tangent or 
ſide D A is 17.07 parts, and 
the Co- ſecant or fide AC is 
18. 38 parts. 


In this caſe yon may much 


helpe your ſelfe with the two 
former Propoſitions, for though 
ie be hard to meet with two 
land marks in ſuch an fic poſtti- 


on, yet by any ſingle land mark A 


you may find the Radical di- 


ſtance , between any place upon t 


TO 


he land, and your ſhips: 
ways, 
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way, Which being known , the work is ali one with this, 
and by the angle of poſition at any tine, you may know 
the diſtance of your ſhip, and ſo what ſpeed you make ei- 
ther to or from your part ot Port eſpied. 


Propofition 19. 
To take the plat of s Port, City,Coaſt, Countrey. 


All that I have ſaid before, hath been chiefly to prepare 
and fit you for theſe following propoſitions, wherein you 
may have occaſion to uſe many or the moſt of chem, and 
therefore baving been ſo plain and large before, 1 ſhall be 
ſomewhat the briefer now, onely mentioning them, or re- 
ferring to them. : 

It may be ſufficient for the Sea-mans uſe in taking the 
plot of a Port, City, Coaſt, or Countrey , only to oblerve 
the angles which the chiefe buildings, capes, points or ri- 
vers make from his ſhip at two ſeveral places; and ſo by 
the diſtance of thoſe two places of his obſervation, he 
may draw them out with his Ruler and Compaſſes upon a 
Cheet of paper, or if he ſee fic may helpe himſelfe: ſome» 
times with the former rules. 


Let thetwo places 
of obſervation be A 


from the ſaid two 
Places, according to 
oblervation_ 8 fol- 


The 
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The angles taken at A. The angles obſerved at B. 
AB North oo. oo BC N. EA so deg. 
ACV. Z 30 deg. BD E. 00.00 
AD N. I % Godeg, BE S. Eft 60 deg. 
AR Eft 00,0 BF S. Eaft 30 deg, 
AF S. Eaſt, 60, * B A Joutb 00.00 


I hope I need not tell you the manner how to obſerve 
thele angles, you may do it either by a Theodolite or a 
Circumferentor, or Peractor, or hy your Compaſle , or by 
the Croſs ſt ff --Wlerving every angle or eminent mark, as 
Hoaſe, Church free, &c. from the place next unto it, and 
by theſe angles thus obſerved you may ſer down the plot 
thereof in paper to any largeneſſe you pleaſe. 

But the be't and reacyeſt way to do it, is by a Plain Ta- 
ble fitted for the purpoſe, or you may make ſhift with a 
ſneet of paper, after the manner of the Plain Table. 
Wherein firſt taking a Center point at A, and-layinga ru-- 

ler with ſights thereto, turn it about to the ſeveral places 
BC DEE, and draw lines from A to either of thoſe- 

marks. Then being come to your ſecond Station B, lay 

down your paper againe , and taking a convenient Scale 

for your diſtance ſet it off in the line A B, according to the 
diſtance of your two Stations, make B your Center point; 
and laying: your ruler thereto, turn it ſo that it may lye 
juſt upon the line B A, and keeping your Ruler 
there : turn it, and the Table or paper altogecher , till 
you ſee the place of your firſt Station A, by the ſights up- 
on your Ruler; and having ſo done keep your Table fixed! 
there, but turn your Ruler backward againeto the ſeve- 
ral places F E D C, and draw the lines thereby, Now the 
chief thing is to marke where theſe lines laſt drawn from 
the Station at B, exoſſe the lines which were drawn: be- 
fore, from the Station at A, Which is in the 3 
I) 
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: CDE F; and theſe croſſings will ſhew the module or tle 
poſition, and diſtance of all theſe places each from other, 
ſo that you may meaſure the diſtance of any of them, if 
you divide the line A B between the two center points, ac- 
cording to the Scale of diſtance , by which you ſet off your 
two Stations each from other: And this will-be exact e- 
nough for the Sea-mans purpole. 

And thus if you will not be too curious, if your inſtru- 
ments are any thing large., and ſo well fitted for the pur- 
poſe , ſo that you may be well aſſured of the exactneſſe of 
the angles; then by the ſide known A B, and the angles 
obſerved at thoſe two Nations, you may find out the 
length of any of the lines, and ſocither with your Com- 
paſſes, or by theſe tables bring it into a leſſer ot a g eater 
Compaſle : or if it be a piece of land to be meaſured , you 
may bring ic into Triangles or Trapeziums , and find the 
length of the lines and ſucaſt up the contents thereof, 


. * 


Propoſition 18. 


A more exact method for the true Surveying of any parcel of 
Land whether great or ſmall. 


Hitherto 1have taught the. Sea-man ſome things of the 
Art of Surveying ; now I ſhall teach the Surveyour ſome- 
what of the Sea-mans practice, and that is how he ſhall or- 
der his accounts by theſe Traverſe Tables, reckoning by 
latitude and longitude as the Sea-man-doth , whereby he 
ſha!l performe his work more readily and exactly then by 
any other inſtiument: obſerving theſe following direction. 


1. For the ordering of your works inthe fta. 


When you have any parcel of land to meafure , yon 
muſt meaſure the bounds thereof round about fide by tide, 
From angle to angle, -obſerving exactly eicher by, your 

| Needle, 
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Needle, Compaſſe or other inſtrument fit for the purpoſe 
how the ſaid fides lye at each angle: and this you mult 
ſer down in ſome Book or Table ficted for the purpole, be- 
ing divided into ſeveral columns as you ſee this following. 
And hercin it will be beſt to begin at ſome angle which 
lyes moſt North Weſterly or South Weſterly, that ſo the 
latitude and longitude may fall in the better order in your 
Table, without too often altering your work from Addi- 
tion to Subſtraction. And this is all you need do in the 
field, onely for your better direction and memory, you 
may with your pen at randome draw any little plot there- 
of, as neerthe truth as you can, to which you may adde 
ſuch obſervations concerning the bounds thereof , as are 
neceſliry to be obſerved. This way of meaſuring the ſides 
and angles, is the beſt for all manner of grounds or par- 
cels of land, great or ſmall, whether chey be little and 
plain fields, ſo that you may meaſure them on the in- 
(ide, and (ee over them from fide to (ide: or whether 
they be large and covered Forreſts, Parkes, or Woods, 
«which you cannot ſee over or through. 


2. How ts mak: 4 Table which ſhall ſhew you the difference of 
latitude aud longitude, of all the angles from your firſt Stati- 
on, aud alſo from any of the other Stations, 


Having done your work in the field , and being come 
into the houſe or place convenient, look over your notes 
and according to the angles of poſition and lengths of the 
ſeveral ſides, find out by theſe Tables the difference of 
their Northing and Southing , Eaſting and Weſting of the 
ſeveral angular points one from the other. And this you 


muſt ſet down in your book or table provided for that pur- ; 


poſe in this forme following. And inthe twolaſt columns 
you may ſo adde or ſubſtract the other four columns to- 
gether , (ſtillreckoning the line following to the former 


ſums.) that they may ſhew the true difference of longitude 
8 and 


ͤ—T—— — — 
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See che 


Chapter of 
Plain ſ ayling. 


or Stations each from other. 


And though few parcels of land thus to be meaſured ex- 
tend ſo far as to be accounted in degrees of longitade and 
latitude , in reſpe& of the Globe of the Earth, (as the 
Seaman many times hath occaſion to reckon) one degree 
thereon conteining above 360 poles, yet this is alſo true 
longitude and latitude , and may fitly be ſo called, though 
innever ſo ſmall quantity, and meaſured by any meaſures, 


as Chains, Poles, Y ards, Feet or Inches. 


— Zä—ä— 


— 


and latitude of any of the ſaid points, from your firſt cho- 
ſen point A, as if that were the firſt Meridian, under the 
the EquinoGiall: and this alſo with a little more trouble, 
will give you the difference of longitude and latitude,from 
any of the other points alſo, as by the Tables of the lon- 
gitude and latitude of places, you find their difference of 
longitude and latitude : by the which alſo according to the 
rules of * Plain ſayling aforeſaid, you may come to find the 
tryc Poſition and diſtance of any of the ſaid angular points 


The Stations. [Poſition Diſtice North South Eaſt | Weſt | Latit, Longit. 
Deg-[pol. pts. Pe. Pre. Ipo. ps. Pe. Pig. po. pts. pol. pts, pol. pre. 

The firſt Al | 0 0 
1 B VE 20ſ80 075 18 27 36 M is 29 E 36} 
B to CV 880 o13 89 78 78 25 07/106 14 

3 C to S E 4c o 61 28051 42 27 79157 56 
Dto E ꝛcſ80 o 75 18 27 367 S 39/130 20 

E to FS Scj8o o 13 89 78 76 2851 42 

F to GN 40180 061 280 51 42 © * 


_— 


150 351150 35157 560157 564 


a 
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3. Howto prove your works , whether you have taken tha true 
mea ure of all the ſides and angles of the P lot, or not. 


This is a tuing very neceſſary to be known, before you 
proceed any farther, and this will readily be found out by 
the foreſaid Table theſe two wayes. 

Firſt, if you caſt up the four middle columns of the Ta- 
ble, intitled North, South, Eaſt, Welt, and find that the. 
ſumme of of the North column, is equal to the ſumme of the 
South; and that the ſumme of the Eaſt, is equal to the 
fummeof the Welt ; as it is here; the North and South 
being either of them 157 poles, 56 parts; then you may 


be ſare that all your work hitherto is right and ſo you may 


proceed. But if you find any, or at leaſt any great diffe- 
rence, you muſt goe over your work againe: wherein you 
may firſt ſee, whether you. are no: miſtaken in ſetting 


down the Northing, Southing, Eaſting or Weſting, out of 


the Tables, and if you find not the fault there, you muſt 
meaſure over the field and obſerve the angles againe more 
carefully, comparing them with your former obſervations. 
ſo you hat find your error and amend it. 

Or elſe the two laſt columns will alſo ſhew this, for if 
your longitude and latitude return to the firſt points or (o) 
as here it d oth, all your work hitherto is right: other- 
wiſe there is ſome miſtake, But this is rather a proof of 
the right ſumming of theſe two columnes then of the for- 


mer work, and ſo you may uſe either, but it is beſt to take 


both. 
4 Howto draw the true moduls or plot of the land in any ſua- 
tity you pleaſe. 


Take a ſheet of paper or parchment of what largeneſſe 
you pleaſe, according as the plot of ground ſhall require, 
and draw a ſquare about it, which you may divide by an 


S. A. S 
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Scale of equal parts , but the quantity of one inch will 
ſerve very well for ten Poles or Chairs in a large map, and 
for 109 ina leſſer, for though ſometimes it be deſired by the 
Lords or owners to have an handſome plot of their gounds 
in theſe larger ſizes, yet it is not neceflary to the true caſt- 
ing up of the contents thereof, that may be done by theſe 
Tables, and any little ſchcam or draught thereof, as well 
by one which is an hund ed times greater,the ordinary way 
by the Scale and compaſle. | 


9 
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Having therefore determined your Scale, according to 
your occaſion, and divided and numbred by your ſquare ac- 
cordingly;ſer down therein the ſeveral angular points ABC 
DEF, according to their longitude and latitude from the 
firſt point A, according to the rules ofthe Plain Chart. 

Thus having choſen a fit place where the point A ſhould 
ſtand , let B be placed from it 75 poles, 18 parts North- 
ward, aud 27 poles, 36 parts, Eaſtward : which you may 
do by laying a rulet ficlt to the latitude thereof in the des 
of the Table» and drawing a ſmall occult line, and then 
laying your ruler to the top and bottom of the ſquare, at 
the longitude thereof; croſſe the foreſaid line; and that 
is the point of the angle B. So yon muſt doe for the points 
CDE E, according to their longitude and latitude in the 
Table, and then draw the lines from A to B, from B to 
C, and ſo round about till you come to A againe, and 
thus you Have the true form of the bounds of the ſaid 
Field, Wood, Park or Forreſt, which you would meaſure. 
In the further particulars whereof the draught it ſelfe will 
will direct you better then many words, 


5 Hon lo caſt up the content of any parcel of land in Poles and 
Acres, | 


My intent here is not to ſhew you how to meaſure any 
parcei of land according to the forme it lyes in, whether 
it be circular, ſquare, or triangular, &c. but having the 
plot of che field before you, caſt it into ſome regular 
forme (which commonly will fall into Triangles or Fra- 
peziums) makingas few parcels thereof as youcan: And, 
knowing all the ſides which bound the field, and the an- 
gles thereof, if you would know the true quantity of any 
other ſide or angle neceſſary for the caſting up of the con- 
tents, you may find it out either. by the Doctrine of Plain 
Triangles, or by the rules of Plain Sayling, and thus caſt- 


ing up the contents of the ſeveral parts, and adding them 
toge- 


— 
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together, the total ſumme will be the true content of the. 
parcel of land. 

For example, though this be a regular Hexagon, and 
the contents might be found out a neerer way, yet for ex- 
ample ſake, I ſhall divide it into four Triangles from the 
point A, by the lines AC, A D and A E, and moſt of the 
angles of theſe Triangles are known, if you obſerve the 
polition of the places from each other and make Subſtra- 
ction according to the angles before and aſter. 

But when you cannot readily find the angles this way, 
you may make uſe of the rules of plain Sayling , and by 
the difference of longitude and latitude of any two places, 
find out the angle of their Rumb, and the diſtance be- 
tween them, As now in the Triangle A BC, if you would 
find the angle at A, and the diſtance A C. Firſt, find the 
difference of longicnde and latitude of C from A, which 
the Table ſhews you, being North from A 89 poles, c7 
parts, and Eaft 106 poles 14 parts, 


Now as the difference of latitude 89.07 
To the difference of longitude 306 14 
So is the Radius or Tangent of 45 odo 


To the tangent of the angle from the met id. 119.17 
Which is the tangent of 50 degrees. 


Againe as the Radius or 100,00 
To the difference of latitude 89.07 
So is the Secant of this angle 50 degrees. 155-57 

To the ſecant or ſide AC. 138,57 


By theſe three ſides now, B C 80 poles, B C80 poles, 
and A C 138 poles 57 parts, you may find the content of 
the triangle by the tables of Logarithmes , but it is better 
to let fall the perpendicular from B upon this line A C, 
which thus you may do. 


The 


rr 
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The whole angle HAC being found to be 50 degrees, 


The angle H A ; to be ſubſtracted 20 degrees, 
There remains for the angle B A C 30 degrees, 

Now as the — 100,900 
To the ſide A B go poſes, | 80 


So the Sine, (or rather Coſine) of the angle 30 deg. 
To the perpendicular 80 poles 40 

And now the ſide A C 130 poles 57, multiplyed by halfe 
this perpendicular;yields 2771 poles 40 parts, whieh is the 
content of the ſaid triangle. 

So likewiſe in the triangle ACD, the ſide A C was 
found in the laſt triangle to be 138.57, the fide CD is 80 
poles, and forthe ſide A D and the angle at A, you may 
find it as before, by the Northing and Eaſting of D from 
A, which is North 27.79, and Eaſt 157.56 parts: which 
gives the whole angle H A D 80 degrees, and the ſide 
A D 160 poles. Now if you take the angle H A C 50 de- 
grees , from this 8c degrees there remains for this angle 
30 degrees, by which angle 30 degrees, and the (ide 
AC 138.37 parts, you will find the perpendicular from 
C to be 69.28 parts, and this multiplied by the halfe of 
the ſide A D which is 80 poles, yields for the content 
5542 poles, 40 parts. 

The like you may do for the other two triangles A D E, 
and AE F, which are like to the two former, ſo that it is 
needleſſe to go over the ſame againe: and much of this 
labour might be ſpared alſo, if when you are in the field 
you obſerve thoſe angles round about from the place A; 
For that is the moſt croubleſome parc of the worke ; the 
ſides being eaſily found by the Secants, and the perpendi- 
culars by the Sines, which yon may performe by theſe Ta- 
bles, either by turning to the angles, where you ſhall find 
your numbers ready caſt up to your hand, or at moſt you 
may take it out at twice, and adde them together. 

In the laſt place for the content of the whole field, you 


muſt adde all theſe ſeveral triangles together, and divide 
the 
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the product by 160 poles, ſo you ſhall bring it into acres; 
Thus, 
' poles parts 
The content of the triangle A BC is 2771 40 
The content of the triangle A C. Dis $542 49 
The content cfthe triangle A D E is 5542 49 
The content of the triangle A E F is 2771 40 


The ſumme of all is 16627 60 


Which divided by 160 poles, thecontent of one acre, 
yields 103 acres, 147 poles, 60 parts, or 103 acres, 3 
quarters, Or 3 roods, 27 poles, 60 parts. 

Laſt of all as you doe here by one large field, parting it 
into ſeveral parcels, and ſo meaſure it; So you may do 
by a great Lo:dſhip or Manor, which hath ſeveral fields 
and parcels of land belonging to it. Firſt, meaſure the 
bounds thereof round about, and lay down the plot there- 
of. Then meaſure the bounds of the ſeveral fields, and ſec 
them down in your Plot, and thereby you ſhall by ſome 


fe of the lines and angles, find the content of the ſeve- 


ral fields;and adding them all together, know the content 
of the whole Manor, and deſcribe a true Plot thereof. 

But of theſe things I onely give you a ſhort view, they 
being ſomewhat beſide my intended purpoſe , yet I hope 
this will be enough to inſtru& you how to take the tue 
Plot of any Sea Coaſt, Port, or Iſland, as you ſayle along 
by it upon the Sea, or if need be to deſcribe any Countrey 
you ſhall have occaſion to land upon; which may be of 
great uſe , eſpecially when you diſcover any ſuch places as 
are not yet found out, or fully and tiuly deſcribed in your 
Maps and Charts, F 
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New Tables of Sines, Tangents, 


and Secants in Natural Numbers, to any Ra- 
dius deſired. 


Briefely and plainly reſolving all 
Caſes of Rizhr lined Triangles, (Inſtrumental v. 
ly) by looking upon the Tables , with- 

out any Calculation, 


By HENRY PHILLIPPEs. + 
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Of tbe Table of Meridional parts. 
A Secauts, in natural numbers, to ſerve for 

the confirmation and proof of my way of 
working by my new Canon; ſo I have likewiſe ad- 
ded this Table of Aeridional parts, for the farther 
illuſtration thercof; whereby you may not onely 
ſee the truth of my way of working by Secants, for 


the finding of the degrees of Longitude, bur alſo 
the ready performance thereof. 


SI haveadded the Tables of Sines, Tangents 


The nature and uſe of this Table is ſo well 
known, that I ſhall not need to write a word about 
it. But this I would have you take notice of; That 
if you work by this Table, there is firft as much 
trouble to finde ont the Meridional parts; and 
then having found them, you muſt afterward 
frame them into a Triangle, and reſolve it by Cal 
culation; according to this Proportion, 


As the Radius, 
To the difference of Latitude in Meridlional parts : 
So is the Tangent of the Rumb, 
To-the difference of Longitude. 
Qq 2 A Table 
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153 q2041255 428 | 459 519 
156 [228 | 260 4161468 | 525 
1591212265 24477530 
622161270 432 | 456 1540 
165229175 4490 | 435 4550 
TE 28- 445 504 | 560 
1711228 20) 455 15131579 
17412321290 4641517580 
1771236295 42721531595 
187 +40 [350 480 | 549 | 6.0 
, | 183 [244] 39; 438 | 549 610 
186 [248] 310 495 1553 | 62C 
1891252, 315 50415671630 
19225613203 51215766 
1950325 520685650 
1981264330 * 594 | 650 
101268335 536 £03 1670 
204 | 272 1340 544 [612 | 680 
207 | 276 | 345 48 621 1692 
z2lo |2v5] 350 53 1700 
21312841355 56435 710 
216] 22851 369 $76,6481720 
19292365 $84 [597 739 
2:2] 2961370 592 [6661740 
:25 1300, 375 £00 675 1750 
228 | 394] 380 608 16841760 
231 | 308} 385 61616931770 
2341312 1390 624 1702 | 790 
237 — 395 632 |711 {792 
240 640 | 72.9] 800 
2 2 405 648 7291810 
146 370 410149 65617381820 
249 13324 415 664 1747 4 $30 
252 336 42.9 6727168 
255 | 340 | 425 689 | 765 4850 
$5813 44 | 430 638 1 774 | 860 
261 320 435 696783870 
64 352 (440 704 | 79: | 580 

[267 | 356 1445 71z | 80x | 890 
272 | 369 ' 450 7201810900 
273 36 728 819 910 
4 — ; 2 736 828 920 
279 7 2740837 325 
282 12 376! — 7521846 
26 3h 475 665 | 762 355 350 
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291 3 [384 485 776 (373 970 
294 — 490 784882 | 980 
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T he Uſe of this Table of Proportion: 


He uſe I ſhall make of this Table here, is to finde 
i the part proportional for any Decimal, or centeſm 
part of a degree, by the difference which is ſet 

here the queſtion or the caſe is twofold: either by the dif- 
ference to finde the part proportional for. any part of that 
degree, or elſe by the difference and the part proportional 


allotted, to finde the part of the degree anſwering there- 
unto- | 


down in theſe Tables berween each degree. And 


For the firſt, knowing the difference, and the part of the rue gi cage 
depree, to finde the part proportional thereof, This may to funde the 
ealily be done by Multiplication, but more readily by this proportional 
Table ; for here finde but the whole difference in the firſt part for any 
colum, and che other colamns ſhew-the part proportional Por 2 de- 
for every tenth part of the degree, if the ſaid difference be — 


not more then 102 parts, onely you muſt ſeparate the laſt 
figure from the other by a (.) for a fraction. 

Thus the difference between any degree being 65 parts, 
the part proportional for each Decimal or tenth part of 


that degree will be as in the Table, in the line againſt 65. 


VIE» 
n 2 168. 201003 n. n UNE oy. 0 
6. 139 19.5 26.0 32,5. 39.0 455 $3.9 58,5 65,0 


If you would have the part proportional for each cen- 
teſm of a degree ; firſt, fer down for the Decimal parr, as 
before, and afterwards for the centeſm part ; and ſo ad- 
ding them together, and cutting off the two laſt figures, as 
a fraction, you ſhall have the part proportional thereof, 


Thus: 
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Thus the difference being 65, as before, the proportional 
parts will be thus: 


11 22 33 44 Fo 66 77 88 99 


& 130 195 260 375 390 455 $29 "585 
65 130 195 260 375 399 455 520 585 


7.15 74.30 21,35 28.60 41,25 4299 52,05 5720 64.35 


— 


If the difference of your whole degree be above 1c 
parts, ſeek the neereſt numberin the laſt column, and take 
that line for your decimal parts, as before, ſo the errout 
will not be much. Thus your difference being 655, you 
may take either the line 650, or 669, without any great 

danger of errour, if you work onely it Decimal parts; but 
if you will be more exact, take fitſt the part proportional 
forthe two firſt figures theteof, and afterwards for the o- 

ther figure, you may finde the centeſm thereof the long 
wayes of the Table, which fitly placed under the other, 
hve added together ;ſhews the true part proportional. 

Thus. firſt for 650, and then for oog, the proportional 
part is thus: 


I1 2.2 33 44 55 66 77 88 99 


65 130 {95 266 g25 3% 455 920 585 
% 139! - 15, o z 399 455 520 565 
55 110 165 '220 275,. 33> 385, . 449 495 
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72.05 144.10 216,15 288,20 360,25 432,30 504.35 576. 40 648.45 


If you think this too much trouble, you may content 
-your ſelf, as I ſaid before with the Decimal part, which may 
more eaſily be had, and is exact enough in moſt caſes. But 
this is as ſoon and ſooner performed, then the ordinary 
way by the Rule of proportion, vic. 


As 


— 


As the whole degree or too parts, 100 655 


To the whole difference 655 — 
So any centeſm part of a degree 9) 5595 
To the part proportional thereof 648. 45 | 645,45 


The ſecond caſe is thus: when you know the difference 
of the whole degree, and allo the parc proportional is 
knowa or alotted, to finde thereby, to hat centeſin of the 
degree it anlwers. This is to be done by the converſe of 
the former Rule, wherein you muſt Work by Diviſion, as 
before by Multiplication. 


For as the whole difference 650 
To one degree, or 100 parts oo 
So the part of the difference alotted 585 
To the centeſm part of the degree 90 


In this the Table will help you as much as in the former: 
for finde your difference 650 in the laſt column of the Ta- 
ble, and look along in that line, till you finde your part 
proportional, or the neereſt to it, which here is 3585; this 
you ſhall finde in the ninth column of the Table, therefore 
the part of the degree anſwering hereunto is vither 9 tenths 
or 9o centeſms of a degree. 

If this Table were inlarged, it would do this buſlneſſe 
ſomewhat more exactly and readily, when you. work in 
centeſmes of a degree. But as for decimal parts(vvhich are 
as exact as you need) this part of the Table vvill do as vvell 
as all of it, thongh this Table would be-of great uſe in A- 
rithmetick, and much might be ſaid thereof, yet I ſhall nos 
inlarge upon it at preſent, but leave you ſometimes to exer - 
cile your Multiplication and Diviſieas:. 
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WITH 


Severalother Inſtruments and con- 
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Minutes and Seconds of time may be exactly 
diſtinguiſhed ; and the conſtant motion 
of a Ship more certainly known; 
then by any other way 
uted heretofore, 
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N the Practice of the Art of Navigation there 
is no one thing more neceſſary, then to be able 
to make a true eſtimate of the way which the 
ſkip makes with any wind, #ecording to the 

ſtrength and continnanice thereof, for this is 
one thing muſt ſtill be known, by what Chart forever you 
you keepthe account. gs ” If 


The beſt vy in uſe for this purpoſe, is by the Log line 
and a minute glaſſe; which chough it be well-kriown ; and 
of good and ancient uſe among Sea men; yet there are 
many things as to the manner of uſing thereof, worthy 
conſideration, which are not taten notice of by Sca- men, 

| Anat which 


: Obſervations about the Log. Iine. þ 


which would much help them in the true knowledge of 
their ſhips motion; And to this purpoſe I ſhall propound, 
firſt, ſome things concerning the true length of the . 
line, and the ordinary uſe thereof by a minute glaſſe; af- 
ter the old way. Secondly , I ſhall propound ſomewhat 
concerning the exact meaſuring of the time without a 
glaſſe, more exactly then by a glaſſe, ſo that you ſhall 
not onely know the firſt minutes of time, but the ſeconds, 
and half ſeconds thereof by a moſt plain and eaſie concluſi- 
on as you can delire, and accordingly ſhall ſhew you how 
you ſhall uſe the Log- line, after ſomewhat a different and 
a better way. Thirdly, I ſhall propound unto you ſome 
Inſtruments or Engines, which with a little coſt and care 
may be brought te perfection; ſo that they ſhall ſhew the 
ſhips way much better then the Log line, or any other way 
hitherto publiſhed. 

To. divide the For the firſt of theſe particulars. That which I would 

Bog line to adviſe you about the length of the Log-line is this; That 

ew the 1co. you make a knot at every 30 feet length of your line, and 


prtotade- gbſerve the running thereof by an halfe minute glaſſe, for 


Ace, then ſo many knots as veer out in halfe a minute , ſo ma- 


ny 100 parts of a degree the ſhip runs in an hour. So that 
hereby you may readily account your ſhips way in. degrees 
and hundred parts (which is beſt and moſt agreeable to 
theſe Maps, and ſo for any other number of hours, or for 
a day or two, as. long as you. ſee that force of wind and 
motion laſteth. 
To markthe Or elſe if you have a mind to know the way of the ſhip 
Log-liae to in miles and leagues, or rather in minutes or 60 parts of a 
ſhew che Miles degree, then becauſe there is in one whole degree 3 60000 
or Minutes of feet, there will be in every minute or 60 part thereof 600 
KAFEFEC.. feet: And therefore if you. make a knot at every 50 feet 
length of your line, and uſe an halfe minute glaſſe ; ob- 
ſerve how many knots run out in half a minute, and ſo ma · 
ny miles or minutes doth the ſhip run every hour, and eve- 
ry, 5 feet more, ſhews the teath part of a mile over, 85 


_ 
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Ob ſer vat tous about the Log-line, 


Either of theſe wayes you will find much more ex:& 
then the old rule , of making a knot at every 42 feet or ſe- 
ven fathoms, which is grounded upon this erroneous prin- 
ciple, that there is onely! 300000 feet ina degree, and 
fo but 5000 feet in a minute or mile. It being proved by 
Mr. Norwosds experiment that there is about 367209 feet im 
a degree, though for the better conveniency of the diviſ- 

ons of the numbers and the line, and other good cauſes 
he takes but 360 oo feet into the degree. 

Now though this be the beſt way in uſe to finde out the 
dead reckoning: yet ſome that would be accounted old ex- 


perienced Sea- men think they can gueſſe well enough of uſe of the Log · 


[ris good f 


all to make 


the way the ſhip makes though they i:11ome or never uſe line, or ſome 
the Log-line It is true, experience may give a good gueſſe other way. 


hereat : but to be the more ſure, it is good to ule all helps, 
and yet all little enough ſometime . Otliers they uſe to 
make ſome ma ks along the ſhips ſides at a certaine number 
of feet, and ſo letting any thing fall into the water at the 
head of the ſhip, obfecve in what time it paſſeth by thoſe 
marks, and ſo judge of the ſhips way. This way is ſub- 
ject to many exceptions , as firſt the dead water which the 
ſhip makes at her ſides, cauſeth the motion of the thing 
that ſwimmes by to be too {[»w. Second ly, the ſtrortneſſe 
of the meaſure of this motion, which can be but the ſhips 
length which is ſeldom an 100 feet. Thirdly, the ſhortneſfe 
of the time of this motion, and the difficulty ro know it 
exactly, yet becauſe this way is better then none, and alſo 
becauſe 1 ſhall ſhew you à good way for the true meaſu- 
ring not onely of minutes but ſeconds of time, 1 ſhall ſhew- 
you how to place marks on your ſhipfiles, whereby you 
may know the way your ſhip makes. 


If you will reckon the ſhips way in miles or 60 parts of To make tos 
ma-ks on the 


ſhip ſides, to 
ſkew the way 
in minutes. 


degree, then meaſure 50 feet length upon the ſide of 
your ſhip and place two marks there: and if the ſhiprun. 
the diſtance of theſe two marks in halfe a minute or 30 ſe- 
c.onds, 


„ „„ . 


PPP OTTER A Ie ar COT OT” 4 


marks on the 


Obſervations about the meaſuring of time. 


conds it is after the rate of on? mile an hour. If the 
ſhip run theſe 50 feet in a quarter of aminute or 15 ſeconds 
it is two miles an hour. If it run this diſtance in 10 ſeconds 
it is 3 miles an hour. If it run this diſtance in 6 ſeconds 
it is 5 miles an hour. If it run this diſtance in 5 ſeconds it is 
6 miles an hour. If in 3 ſeconds it is 1 miles an hour, 

Or elſe if you make a row of marks along your ſhip ſide, 
making a mark atevery twenty inches, then if your ſhip 
run on of theſe marks ina ſecond , it is one mile an hour, 
If the ſhip run two of theſe parts in a ſecond , it is two 
miles an hour: if three, it is three miles, if 5 it is five 
miles, &c. Or elſe if you divide the number of parts the 
ſhip runs, by the ſeconds of time, it ſhews how many miles 
the ſhipruns in an he ur. Thus if the ſhip ran 20 of thele 
parts in 5 ſeconds , it is 4 miles an hour: if 20 in 4 ſeconds 
it is 5 miles an hour: if 20inz ſecondsitis 5 miles an hour. 

In like manner if you would reckon your ſhips way in 
hundred parts of a degree, then make your marks at 30 
- ſhip fides to foot diſtarce upon your ſhips ſides, and if your ſhip long 
ſhew the way enough you may make two or three of theſe marks 30 foot 
in 100 parts, aſunder. So if your ſhiprun one of theſe diſtances in halfe 

a minute, it is one 100 part of a degree in an hour: if 2 
of them, it is 200 parts, &c. Or elſe if it run one of theſe 
diſtances in 30 ſeconds or balfe a minute, it is 100 parts of 
a degree an hour; if one in15 ſeconds it is 209 parts an 
hour, if one in 10 ſeconds it is 309 parts an hour, and fo 
alwayes divide the halſe minute or 30 ſeconds, by the num- 
ber of the marks of the ſhips motion, and the quotient 
ſhews the 1-00 parts of a degree tun in the hour. 

Laſtly, if you make marks at every foot upon the ſhip 
ſides, then if he ſhip move ane foot in a ſecond of time, it 
's [CO parts an hour; if 2 feet or marks, it is 200 parts 3 if 
5-f-et ox mai ks in a ſecond of time, it is 300 parts an hour. 
Or as before divide the number of theſe feet or parts run, 
dy the ſeconds af time, and the quotient-ſhews the number 
i 00 parts,which the ſhip runs in an hour. The 


Anorher way 
by many (hott 
marks. 


To make two 
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_ The Second general head concerning the meaſuring of the time. 


If you will know the true quantity of your ſhips way, you 
muſt not onely be careſull in dividing your line, but you 
muſt alſo be very exact in meaſuring the time: and not con- 


Several un- 


certa ine ways 


which many 


tent your ſelfe as ſome do, to eſtimate the time by the uſe to eſtee- 


pronouncing of a few words, or telling a certaine number. Pate the time. 


As ſome think the ſaying of the Lords prayer, others that 2 minute 


the telling of twice three ſcore will take up a minute of time. 
But theſe wayes are not onely uncertaine in reſpect of icve 
ral men, ſome ſpeaking flower , and ſome faſter : but it 
will be an hard thing for one and the ſame man not to be 
ready to tell faſter or flower , as he ſhall ſee the motion of 


any thing by him to be ſwifter or flower. Beſides a man 


may readily , and ſo be more apt to tell 1, 2, 3, 4, 5, &c. 
to ten or twenty, faſter then 21, 22, &c. there being more 
time required to pronounce theſe double numbers, though 
his fancy may helpe him, if not other wayes imployed. 


Kepler obſerves that the pulſe of a ſtrong healthfull man 


beats about 4000 ſtrokes in an hour: which is 67 times in a 
minute. But Elderly and Melancholy mens pulſes beat 
flower, about 60 times ina minute, whereas hot cholerick 
conſtitutions their pulſes beat 80 times in a hour, neither 


doth a mans pulſe beat all times alike, ſo that this is but an 


uucertaive rule. 

It is ſomewhat a better way to meaſure theſe ſmall mo- 
ments of time by walking a certaine number of ſteps or 
ſtrides. Thus a man walking a good handſome pace, vix. 
after the rate of 3 Engliſh m miles, or two and an 
half of ordinary cquatry miles an hour, doth take 120. 'r 
twice three ſeore ſteps in a minute of an hour, which is + 
two ſteps in every ſecond. For thus the head and foot be- 
ing both in action, the motion of the feet being alwayes e- 
qual, will keep the tongue from running to faſt in _ 7 
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Propoſitions about the mt«ſuring of time. 


To find the 
time of a mi- 
nete by a 
watch or 
clock, 


leſſer ſingle numbers, and ſo the more ſenſes being excerci- 
ſed about this, they will one help the other. 

But the beſt way hitherto uſed for this purpoſe is a good 
glaſſe made ta runne à juſt minute, or halfe à minute or 
6 minutes which is the hundreth part of an hour, ac- 
cording as you pleaſe ycur ſeſte, and as your line is fit- 
ted with knots. Againſt this if it he well and truly made; 
have little or nothing to except: But yet theſe glaſſes ſhezy 
onely the time they run for, whether it be a minute or half 
a minute, and give no good notice of the ſeconds or ſmal- 
ler moments of the time, Which may in many caſes be of 
good ule, as | ſhall give ſome inſtances annon. 

And becauſe you cannot be too carefull in meaſuring 
theſe ſmall parcels of time, ſince a ſmall error in a mi- 
nutes time will come to much in 60 Minutes which is but 
one hour, and much more in a day or a longer time: there» 
fore | ſhall ſhew you two or three wayes, which may eaſily 
be brouzht into uſe , which will be very exact for the mea- 
ſuring not only of thoſe minutes, but alſo of their ſeconds. 

The firſt way may be by a watch or clock, either a ſmall 
pocket watch, or thoſe greater or lefler braſſe clocks,which 
goe by weights, either of theſe may be ſo contrived by a 
good workman, that. they may by little bands or Indices 
ſhew the minutes and ſeconds, as well as the hours , and 
{ome ſuch I have ſeen made, and the like may be eaſily per- 
formed in others. For generally the ballance wheel of a 
great braſſe clock, which goes by weights turns about in a 
minute of an hour: And ſome of their leſſer ſize their 
ballance wheel turns about twice in an haur. But becauſe 
this wheel goes as it were by ſteps and ſtarts, it willmuch 
better be performed in a pocket watch, if the contrite wheel 
be fitted ſo as to turn about in a minute, this may have a 
little Index and circle fitted to it .. which will ſhew the ſe · 
conds very handſomely and truly. | un, 

But if you think this may be too chargeable to have 

watches made on purpoſe, you may do the like by = or- 
inary 
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dinary watch, if you beſtow the reckoning. of the teeth of 
the wheels, and ſo finde how they are moved one by ano- 
ther. Thus in an ordinary watch which hath four wheels, 
and the pinions 5 lea ves or teeth. There is firſt the ballance 
wheel, whoſe .pinion hath 5 leaves; this is turned by the 
cantrite or crown vyheel, vvhich hath 40 teeth, ſo that if 
vou divide 40 by 5 ,you ſhall finde this wheel at each turn- 
ing turns the ballance vyheel 8 times about. Then there is 
the ſecond wheel, vvhich hath 45 teeth: this therefore 


turns about the crown vvheel g times. Laſtly, there is the 


great vvheel, and this hath 55 teeth, ſo that this turns about 
the ſecond vvheel 11.times, Now if you multiply theſe one 
the other-; | 


The ballance wheel I 
The Cantrite wheel turns this 8 times 8 
The ſecond wheel turns the Cantrite 9 times, 9. 
Which being multiplyed together, is 72 tines 
The great wheel turns this 11 times It: 
By which multiply the other, it makes 792 


So that the great wheel by once turning about, turns about 
the ballance- wheel 792 times. 

Now this great wheel uſually hath a pinion of 4, and 
the hour-wheel hath 36 teeth ; ſo that it turnes about 9 
times in 12 hours, and ſo brings the hand of the watch 
round about, in which 12 hours there are 720 min. which 

divided by 9, ſhews this great wheel turns about juſt in 80 
minutes: divide thereforc the foreſaid 792 turnes of the 
ballance wheel, by. theſe 80 minutes of time, and you ſhall 
finde 9. 90. ſo that the ballance wheel turns about 9 times, 
and 90 hundred parts in a minute of an hour. 

But this coming ſo neer to 10 times, you may account 10 
turns of the ballance wheel to a minute, and fo every turn of 

the ballance- wheel is 6 ſeconds, 

B b b But 
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But it being too troubleſome to ſtand poveing upon the 
ſwift motion of the ballance wheel, and ſo to keep count of 
the ten revolutions; you ſee before that the cantrite wheel 
turns the ballance-wheel 8 times about, ſo that this cantrite 
wheel is 8 times 6 ſeconds, or 48 ſccovds in turning about. 
Therefore if you make a mark upon the ballance wheel, 
and another upon the cantrite wheel, you ſhall know that 
whentheſe marks comes to a certain place together, that the 
ballance wheel is rurned about 8 times, and then twice more 
makes up the minute. 

Or elle, if you ſer firſt one mark upon the cantrite wheel, 
and then ſet two other marks by it; the one ten teeth be- 
fore it, and the other ten teeth after it; the one of theſe 
will ſnew ſix bouts of the ballance wheel, which is 36 mi- 
nutes, which is the 100 part of an hour, and the latter 
will ſhew the minute, or 60 part of an hour. 

In theſe concluſions it will be beſt to mark both the bal- 
lance heel, and the cantrite wheel, (which you may do, 
when your watch is in pieces with a little graver, or if you 
pleaſe with your pen, and a little ink) for both wheels being 
thus marked, the mark upon the ballance wheel coming to 

your eye will more exactly ſhew the true reve lation of ei- 
ther wheel, and the marks upon the other will give you 
better notice of the number of the bouts of the balance 
wheel, and when the minute is up. 

To conclude this concluſion , thongh all watches are not 
made with theſe numbers of teeth, but ſome have (ix- 
leaves in a pinion, and fome difference alſo may be in the 
nu inber of the teeth of the wheeles, yet you may by this 
Example know how to find out the like by any other watch 
and ſo by two marks upon the cantrite and ballance wheel, 
finde the true time of a minute, or half a minute, or 36 ſe- 
conds, which is the hundred part of an hour, or any other 
{ma]l proportion of tice you define. 
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Propoſitions abomt the meaſuring of time. Iz 


But the moſt eaſie and exact way for the meaſuring of A new expert 
theſe ſmall parcels of time, is by hanging a good big bullet —_ 
or a plummetin a ſiring, the ſtring being fitted to agjuſt | #8 = | 
length, and fixed handſomely to the top of any Room, or — 
any timber of the ſhip; and ſo telling the ſwings thereof part of tima 
And this will prove no * childiſh concluſion, as it may ſcem cxaQtly, 


at the firſt, but may be made good uſe of in many things, N 8 — 


and will be moſt eaſie and exact in the performance, if you N 
conſider theſe experiments about it. 7 _— chor 
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12 *' _ Propefitions about the meaſnring of time. 
let go together, you ſhall finde them keep the ſame time and 
moti on together for a long time, if the ſtrings be juſt of e- 
qual length. | 
An eafie proof But now to try whether they keep the ſame time alſo of 
chat the ſwings Their firſt and laſt motion, do thus. When the one of them 
keep equal bath ſwong a good while, then lift up the other to a conve- 
time. nient height, ſo as the firſt was before, and ſo let it go of 
it ſelf; and though this plummet laſt let fall will fetch a 
greater compaſſe then the other, yet you fhall finde them 
keep a juſt number in their ſwings, ſo that the one ſhall get 
of the other little or nothing, if the length of the ſtrings and 
all elſe be equal. This is a plain and undeniable proof, that 
the like number of ſwings firſt and- laſt of any plummet are 
in equa] time. 
But ſecondly, if I ſhould allow you a greater latitude in 
this experiment, as that you ſhould take bullets or plum» 


ly. That the 
difference of 


weights, eicher Mets of ſeveral bigneſſes and weights, yea of ſeveral. forms, 
in reſpe& of yet the experiment will be much the ſame, and the number 
quantity, or of. ſwings will be equal in the equal time, if the length of 


form, do not the ſtrings be equal. Only in this caſe, you muſt not mea- 
— ne mo. (ace the bare — the ſtring, but — from the 
* Mark this center of gravity of the bullet or plummet, to the place 
well in the where the ſtring is faſtened above: and thus doing, though 
mea ſuring of à round bullet may ſeem beſt, yet any form of the plummet 
theftcing, to vill do the like. And this rule muſt be oblerved alfo in the 
— — hanging of bells in Churches, that though the bells are of 
de lwamer different fizes and weights, yet they mult all ſo hang, chat 
de of whar there may be the like ſpace fem the Axle · tree pin, or cen- 
Sm will. ter of the motion, to the center of gravity of the bell; elſe 
the bells will never keep t me: and the neerer they are thus 

hung, of equal length, in reſpect of their center of gra · 

vity.the better they will keep tine. and ring che truer with 

trouble. This you may t y likewiſe, as before with to 

different plummets, and you will find the number of ſwings 

equal, yea, though ye do not lift chem up to the ſame p 
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gle from the perpendicular, but the one to 30 or 40 degrees, 
the other to 60 or 70 degrees, 

Thirdly; here is nothing therefore neceſſary to this pur- ziy. Allthe- 
poſe, which you need be curious about, bur onely to kr.) care is ro be 
how long the ſtring muſt be, from the center of gravity of bad in ch 
the bullet or plummet, to the point where the line is fix:d, ,"* 
that fo it may make a certain and deſired number of ſwings ;. 
in a certain and determined time, viz. in a minute, or half a nag 
minute, or the hundred part of an hour, And to this pur- conſtan:, 
poſe I have found, that if the ſtring (as aforeſaid, reckoning 
to the center of the plummet) be 38 inches and an half, then 
the plummet will make 60 ſwings in a minute of an hour, 
reckoning the ſwings both forward and backward into the 
number. And of this alſo your may as eaſily make trial your 
ſelf, either for this, or any other length of time, which you 
deſre. 

Fourthly, likewiſe if you deſire to have more or fewer dy. You may y 
ſwings in this time, or any other like parcel of time, you may ſo order the: 
finde it out by lengthening or ſhortening the ſtring; obſer- length of this 
ving this rule (which you will quickly finde) that if you — * — 
lengthen the ſtring, the number of ſwings will be fewer; ,? = wars rt 
but if you ſhorten the ſtring, the number of ſwings will be to make any 
more, number ot 

And herein that I may not leave you to run at randome, ſwings in+ag7+y 
when there is a good rule to go by, which alſo proves the "ime defired.n. 
concluſion to. be more conſiderable and Mathematical, you 
may take notice, that the number of ſwings have a Quadra- 
tical proportion to the length of the ſtring : reckoning, as 
14aid before, the ſhorter the ſtring, the more the ſwings ; | 
and the longer the ſtring, the fewer the ſwings ; and there- 
fore you muſt work by che back rule of proportion to finde 


out the length of the ſtring. - 


For example. 
If z s inches and an half make so ſvvings in a minure of an 
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Obſervation; about the wpeoſuring of time. 
hour,how many will 77 inches(which is double this length) 
make in the ſame time? 


Inches 38. 5. Swing 60, Inches 77.0. Swings 42.4. 
Square 60 


3600 Square 1800 


Here if you ſquare the 60 ſwings, they make soo, by 
which multiply the firſt number, 38.5 inches, the produ 
makes 1 386000, then divide this product by the third num- 
ber 77.0, and the quotient is 1800, Laſtly, finde the 
ſquare root of this 1500, and it is 42. 4. vvhich ſhevys if the 
ſtring be 77 inches, the plummet vvill make 42 ſvvings, and 
almoſt an half. % 

And thus you may it finde, if you try by the ſtring. 

Again, if you vvould proportion the number of lyvings 
to any time; as if you vvould have the plummet make 120 
ſ\vings in a minute of an hour, the manner of vvork vvill be 
the ſame, as in this example. 


60 Svvings, 38.5 Inches. 120 Svvings. 9.625 Inches 


$qu. 60 3600. Squ.120 * 
2600 23 1000 2400 * 
1175 1 20 1386009. 625 


144⁰⁰ 


1386000 14400 
Here if you ſquare the 60 ſrvings, they produce 3600, 
vyhich multiplyed by 38.5. inches, make 1386000, as be- 
fore; then quare the 120 fvvings, and they make 14400, 
by vyhich divide the former product, and the quotient vvill 
be 9 inches, and 625 thouſand parts of an inch. é 
If you have a minde to alter this concluſion to any other 
number of ſvvings in a midute, you may fee by this hovy ® 
| 0 


- 
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do it. If you vvould knovy hovy many of theſe ſwings go 
to any other part of time, it is more eaſie being done by the 
rule of plain proportion, Thus according to the firſt length, 


If one minute- | hath 6o! Then 36 ſeconds or |hath 36 
or 6oſeconds | Svvings the 100 part of an hour Svvings: 


But I think there vvill be no need to do this, bnt you 
may be content vvith the firſt propounded length and time, 
vvhich is 35 inches and an half, making 60 ſvvings in a mi- 
nate of an hour, vyhich anſvvers very vvell to the 60 ſe- 
conds vvhich are in a minute, of vvhich there are 3600 in 
an hour, This length of che ſtring is very convenient, and 
the plummet will ſwing a-longer time, then if the line be 
ſhorter, and it will require a good handſome weight of a: 
pound, or half a pound at leaſt, which will not be ſo ſubject 
to be hindred by the wind as a leſſer may. Yet for a cu- 
rious trial of a {mall time, you may make uſe of the ſhort- 
er length, .9 inches, 625 thouſand parts, this paſſing by the 
perpendicular line, 1 20 in a minute, makes a diſtinction not 
onely of the ſeconds, but of the thirds alſo, there being two 
ſwings to each ſecond, and this in a cloſe place, fitted with 
an handſome bullet, and a gentle ſilk ſtring, will ſwing a 
good while. And if you finde the motion begia to fail, you 
ma y help it with a gentle touch of your hand, and ſo make 
it ſtronger again. So I leave you to your.own choice. 

I here is onely one thing that may be objected as doubt - An Objectiom 
full in the Practice of this concluſion: and that is leaſt the in reſpect of 
ſhaking and rouling of the ſhip, ſhould hinder the moti- the unſteadi- 
on of the Plummet. And indeed ſuch is the nature ot this —_ of the: 
motion, that nothing diſturbes it more then an unconſtant . 

or diſorderly ſhaking there of; As you may ſee by thls e- 

ſie proof. . : The inconvex- 


Take two ſtrings of equal length and plummets of equal — 


length and weight, let them be both 38 inches 2, or any but proved +» 
| other Trial. 5 
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Now co Pre: 
vent this in- 
convenience 
with a plain 
proof and 
«cial thereof. 


other length you pleaſe, let the one of them be made faſt 


to the top of a roome , and hold the other in your hand, 
holding your hand as ſteady as you can; let theſe two 
Plummetrs begin to ſwing both at one time, mounted to 
the lame angle; yet that which you hold in your band will 
goe ſomewhat flower then that which is fixed; becauſe 
you cannot (or very hardly) hold your hand fo ſtill, but 
that the motion of your hand will alter the ſwinging of 
the plummet very ſenſibly, ſo that it will neither ſwing fo 
fait, nor ſo long, as that which is fixed. Vea, the more you 
move your hand : thinking to make it goe the faſter, ir 
will goe ſo much the ſlower ; and if you move your hand 
roo faſt , thinking to force it beyond its owne natural 
motion it will not ſwing at all. 

But to prevent this inconvenience, I ſhall ſnew you how 
to order this concluſion another way, ſo that you ſhall not 
need to fix your line to any part of the ſhip, but hold 
it in your hand; and thus if the Sea be not too much over- 
grown, but that you may ſtand handſomely upright in your 
ſhip, you may by the ſwinging of the plummet find theſe 
ſmall moments of time as exactly as in a calm, or in a houſe 
upon the land. 

And-to this purpoſe., 'becauſe the plummet held in the 
hand is ſubject to ſwing ſlower then the other, therefore 
the line muſt be ſomewhat the ſhorter., which by tryal 1 
find muſt be“; t Inches and an halfe. 


erhelengthef Thus you may eaſily try your ſelfe , For take one plum- 
a Minute line met With a ſtring of 38 inches 3, and fix it to the top of a 


fot 60 wings 
ia a . minute is 
31 inchcs and 


an halte. 


Room; and take anothet plummet and make the ſtring 
thereof 71 inches 5 , meaſuring from the Center of gravi- 
ty of the Plummet , and tying a knot at the end of the 
length, (which may be as a mark co know Where to hold 
it, alſo help you in the holding thereof) Mathis ſtring 
by this knot between the ends of your chu and fore- 
. as faſt as handſomely e can, _ 


WP 4 
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out diſturbing of the motion, either by too much or roo 


— 


faſt moving of your band, only with a gentle motion of · Lou mit noe | 


your hand make the plummet mount alwayes as neer as Jour, 
you can to the ſame height, ſo that it may make an angle — 
of 59 or so degrees with the perpendicular ; and thus do- a gentle mo- 
ing you ſhall find theſe two plummets (thongh the ſtrings 'ving of your 
differ thus much) to make an equal number of ſings in hand make 
the like ſpace of time; ſo that you cannot well make this = — 
in your hand ſwing faſter nor flower then that which is fix- — — — | 
ed, but either of them will make juſt 60-ſwings ina minute can fing wo 
.of an hour. the ſame 


he ight. 


dered bef 
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both alike make 120 ſwings in a minute of ani hour; and 
ſo ſhew you not one ly the ſeconds but every halfe ſecond 
of time =_ exactly. n 
_ Thus this experiment wi moſt eaſie and ready upon 
— — all occaſions, So that this will be the very beſt e 
periment, Sea - mans practice, for having thus once fitted his Minute 
mem ing che ine (as I may call it) and made a kuot at the end thereof, as 
—_ —— a conſtant marke where to hold it; he may carry it to any 
— 2 oy place of the ſhip where he hath occaſion to make obſerva- 
tion of the Ships way, and hold it in his hand as well as bis 
glaſs, And hereby alſo having his ſenſe of feeling, as well 
as his ſight, he may much more eaſily and cortainly count 
the number of the ſwings; according as by occaſion they 
ſhall be more or leſſe, which may ſometimes be 100 or 200, 
vrhile the line is in running out; and the longer the time is, 
ſo much more certainty there vvill be of the obſervation, ſo 
that by this means you need not ſtint your ſelf to a minute, 
or half a minute, as you muſt do, if you uſe the Glaſſe. 
Neither need you fear, that any ordinary winde vvill al- 
ter the motion of the plummet, eſpecially if it be of a con- 
ſiderable wveight, viz. half a pound, or thereabout: neither 
vvill che ſwaying of the Ship alter the motion, if it be nor 
in ſome great extremity of weather,for I have tried that you 
may walk up and down, ſwinging the plummet in your 
hand, and yet it ſhall keep time with the fixed one, as a- 
foreſaid. | 
And thus much for the contrivance of this concluſion 
for the knowledge of the Time, I ſhall now'ſhew you how to 
make aſe of the Line cherevvith,— 


18 


In the firſt place, you may remember that I ſhewed yon 
1 before to make knots upon your Log- line, at every 30 
cluſion with or 50 feet, and ſo many of thoſe knots as run out in a half a 
the ordinary minute, ſo many roo parts, or ſo many 6 o parts of a degree 
Leibe“ yourſkip rus in an hour, "Now den you ſee that 30 


Rules in uſing the Log-line. 


"ſwings of the longer plummet, or 60 ſwings of the ſhorrer 
plummet, ate half a minute, vvhich I preſume you vvill find 
more exact and conſtant, then moſt glaſſes are or can be, 
and ſo yon may make uſe of this concluſion inſtead of a 
plaſſe, yea, you may make, or try your. glaſſe heredy, he- 
ther it be true or not, 

But ſecondly, by this vvay you have not onely knowledge 
of the juſt period of each minute or half m:nute, but of e- 
very ſecond, or half ſecond, vvhich you may thus farther 
improve, For if you have a minde to ſet marks on your 
Ship ſides, as I ſhewed before four ſeveral wayes; all of 
which depend upon the knowledge of ſeconds of time, 
which a glaſſe cannot ſhew you, theſe ſwings being not on- 
ly to every ſecond, but (if you uſe the ſhorter ſtring) to eve- 
ry half ſecond, will ſhew thoſe ſmall moments of time ſo 
exactly, that hereby you may come to a far greater certain- 
ty of your ſhips way, then if you ſhould meaſure the time, 
either by words, numbers, ſteps, or pulſes, or any other way 
formerly thought of. 

But thirdly and laſtly, if you vvill keep a good account of 
your ſhips way, it will be needful to order your line ſo, that 
you may alwayes let as much linerun our, as you can' with 
conveniency of drawing it in again vvithout fear of break- 
ing. Now the faſter your ſhip runs, ſo much the more line 
vvill you veer out at one time then at another, and alſo ſo 
much the more danger there is of breaking your line (vvhen 
itruns out too far and too faſt.) Therefore it will be the 
beſt vvay, not to ſtint your ſelf to a certain ſpace of time; 
(as you muſt do if you uſe the glaſſe) but rather to make 
your line of a good convenient length, and let the line al- 
wayes run out this full length, and there ſtcp, and ſo obſerve 
the minutes and ſeconds of the time, which the line is run- 
ning our, or (vrhich is all one) the number of theſe ſwings 
of the plummets. 

Now to this purpoſe, if you have a minde to reckon 

Ccc 2 your 


How to make 
uſe of this con- 
cluſion, with 
the ordinary 
matks upon 


the Ships fide; 


A new way of 
ordering the 
Log-line, 
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20: Rules in uſing the Log-line, 
Ships vvay in miles, or Co parts of a degree, each mile 
Sh ; — — | Nath — — to Mr; Norwood: Experiment and 
nl or i. direction) now the tenth part of this is 600 feet, or too ſa- 
nutes of a de- thoms. This may be a very fit length for your line. If this 
tee. length run out in ſix minutes, then the ſhipruns one mile an 
hour. If this length run out in three minutes, it is two 
| miles an hour: if in two minutes, it is three miles an hour, 


| For, 


— 


— — — 


6 min, to 60 min. 73 32 or one mile. 
As e; min. to 6o min- So to ++ or two miles, 
£2 Min- to 60 min. — 32 or three miles 


And ſo for any other number of minutes. But this will 
be much more exact, if you reckon the running of the line 
not by whole min.but by ſeconds or ſwings;for the ſhip will 
not alwayes run this length in juſt even minutes of time, 
neither will the bourly motion of the Ship fall out alwayes 
in equal miles, or min. of a degree, and theſe fractions will 
be more eaſily reduced, and your work ſomewhat more ex- 
actly performed, if you account the Ships way in miles, and 
hundred parts of a mile, rather then in miles and 60 parts, 
Thus if the Ship-run the length of your line, being 600 
feet, in 48 ſeconds of time, or 48 ſwings of the longer 
plummet, it is 7 miles 50 parts, or 7 miles and an half hour. 
If it run theſe oO feet in one minute, 20 ſeconds;- or 80 
ſwings: it is 4.50, vic. 4 miles and an half in an hour. 
For, 
ad 49”; to 3600“: So 600 feet, or 3 of a mile, to 750. 
80% to 3600"%; So 600 feet, or + of a mile, to 450. 


This work is very eaſie, you need but divide 3600, the ſe- 
conds of one hour; by the ſeconds in which the line is veer- 
ing out, and the quotient ſhews the ſhips vvay in miles and 
ten parts: and if you adde one place more, making your di- 
vident 3600, the quotient will ſhe you the miles and hun- 
dred parts... 

A:T able. 
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A Table ſhewing the 
and ſeconds of Tine, 
minutes or 100 parts of a degree, according 

"Log-line, either 60, or 360 feet. 


in which the Log · line is in yunnmgeut, either in 


to the different lengiof the 


Fime) Ships way Time Ships way | Time *hips way | Time Ships way 
„eile . m_ pts, 4 ul Jer pts. be. - pts, 
510036 040] O10 141140 3 60 
11632 73] 42j8 981 js 0% qt, 3 56 
1230 00 42 s 99 I2] 5 OO <3. $.:; 58 
* T3127 | 4318 37] 134 93 433 48 
14025 711 44/8 18] 14/4 86] 443 45 
13124 0 45] 0 1514 8 | 45/3 42 
16122 50 46/7 82 | 1614 45 46, 3 39 
1721 18 477 66 17/4 68] 47/3 36 
18120 o 4807 55 | 15] 4 62 48, 3 33 
19 18 95 4% 351] 7914 4 493 30 
20018 00] 5c 20% 2014 0 5003 27 
21 17 14 517. 06 21 4 45 513 24 
22116 361 35216 -| 224 40] 523 21 
22 J 65] $316 79] 23]4 35] $33 18 
24 Is OO 5416 G67] 24|4 4 543 17 
25114 40] 55 6 95 | 251] 4 25 55 3 12 
26113 851 566 3264 201 56 3 10 
2713 33] $716 32 2714 I5| $73 7 
28112 86] $2[6 21 | 28/4 10 58 3 OS 
19112 41] 596 10| 2914 5 59 3 93 
z0|12 oo 00 304 co z 3 o 
31171 = ois 901 313 96 or 2 97 
3211. 25 925 811 32] 3 92 | 02 2- 95 
330-0 - 91 ©3]5 72 3313 881 032 93 
34/10 A 5 63 | 34]3 84] 042 90. 
3510 281 og|5s 54! 3513 go | og 2 88 
36ltro oo 065 45] 3613 76 05 2 86 
37 9 721 9% $7] 3713 72] 27 2 844 
38\9 47] o8|5. 29| 38}3 68] -08, 2 82 
0391 9 2311 ol J 21 1129/3 641209 3 $0. 


way which a-Ship mah#, according to the minutes| 
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wore if the Log-lane h 5 Mfeet long, then the Table ſhews the minutes and 
paris of a Degree, each mile being 6200 feet, & 60 miles in ane degree. 
M: if the Line be-360 feet long, then the Table ſhews the hundred pan: 
of a degree, and their leſſer hundred parts, 


5.20 <P © : — — — — — — —-¼— — 
Shs, $ way | Time Ships way , Time Ships way] Time == way 
miles pts. 


miles pts. 4 mils piv. | , a er pes 24, 
2 50 6 o [ 
97 c6 o 
54 12 0 
56 I 8 O 
58 24 © 
3 oO 30 
©? 


30 
G4 42 
O6 
oY 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
33 
36 
39 
42 
45 
1 
FI 
54 
142 571 
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But becauſe I would make things alain and ready asI |, 
can, I have calculated this foregoing Table, ſhewing you This — de 
the ſhips way, according to this length of your line, (viz. — | 
-600 feet, or the tenth part of a mile) for minutes and ſe. to fave vou 
conds, even to every ſecond, where there is any need. So much labour, 
that finding the number of ſeconds in which the Ship iy and tu prevent 
running this length of your line in the Table, there you ſhall Wiſtabes. 
fad the Ships way ready caſt up to your hand in miles and 
hundred parts for one hour, And having the way for one 
hour, you may by Multiplication or addition foon finde the 
way your ſhip makes in 4, 8, 12 hours, or a whole day, or 
any other time deſired. f | | 

Once more if you will reckon your Ships way in hundred How to fir the 
parts of a degree, then there being 3600 feet in one hun- Log- line aſter 
dred part, the tenth part of this is 360. And ſo if you . 
make your line 360 feet long, and obſerye how long the 105 — of ® 
ſhip is in running this length, and work as before, making degtee, and 
uſe of this Table, (which ſerves for both) ſo you ſliall finde their parts. 
the way the ſhip makes in hundred parts of degrees, and 
theic hundred parts, which wilt be the moſt exat way of 
account, and very ready to be ſet off upon your Maps and 
Charts, being for the moſt part graduated in Decimal, 

And this is ſomewhat the better way alſo, becauſe your 
— need not be ſo long, as if you reckon in 60 parts or 
miles. | 

Laſt of all, If you have a deſire to make marks our 
ſhipſides. Then if you will reckon by an nar and} + of ihe — 
a degree, make your two marks 36 foot aſunder : Or if marks upon 
you will reckon in 6o parts of a degree, viz.-miles, make the Ships fide, 
your two marks 60 foot diſtant; and ſo you may reckon 
the Ships way by this following Table, 
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A Table 
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1 Time Ships way 
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" Rules in w/iny the og-line. | 


# 19 | 
14 T able ſoewing the way which a ſhip makgs, according to t 


— 


Seconds of time, in-which. any little thing ſwims by ber fd 
between two marks placed thereon, either in miautes, or 100 
parts of 4 degree, according to the diſtance of the Marky, 
being either Go or 36 feet aſunder. 


| 


Time 2 
„ „ pts. 
10 300 3 42 
11 00| 3 27 
11 300 3 12 
12 00 2 o 
12 300 2 38 
13 oof 3 9 
13 30 2 67 
14 oo 2 37 
14 30] 2 48 
15 oo] 2 40 
15 300 2 33 
16 Go} 2 25 
16 30 2 18 
17 ao] 2 12 
17 30 2 0©6 
18 oo] 2 oo 

00; 1 89 
20 I 80 
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Time \Ships way. 
te LL miles parts 
23 09] 1 56 
24 col 1 50 
25 oo T 44 
26 oo] 2 38 
27 oO = 33 
| 28 Og} 1 29 
29 Oo 1 24 
30 00 1 20 
31 Oo 1 16 
32 © x 13 
33 Oo x 9 
34 09x, -06 
35 oo x, -03 
36 OC} I 
40 © o 
45 00] 0 
Fl 00 © 
60 0 
00} © 
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And becanſe theſe lags and diſtanges are very ſhort, you 
will do beſt to obſerve the time by the ſhorter plummet of 
S iuches 625 parts, ſo you ſhall have two ſwings for every 
ſecond of time, which will make your obſervation ſo much 
the more exact. 

And if this way be carefully obſerved, it will be as exact 
as any other, that hath been uſed hitherto. All that can be 
faid againſt it, is: Firſt, the ſhortneſle of the diſtance. Se- 
condly, dead water by the Ship ſides, which is cauſed by the 
motion of the Ship. The firſt of theſe, the ſmhorrneſſe of 


the diſtance, this is recompenced by the exact account of the 


time, which may be found by this experiment to the half 
part of a — As for the dead water by the Ship ſides: 
This the line is alſo ſubject to in ſome ſort, though not ſo 
much: as you may perceive by the eddy and ſtilneſfe of the 
water, a good way after a Boat or Ship, which you muſt be 
careſul in ſome ſort to allow for, when you uſe the line. 


8 — 
— — 


And therefore, when I direct you to have your line 360, Caution hows 
or 600 feet long. you muſt not underſtand this to be the to order the 
length of your ſine to be reckoned from the very Log. But Line in time 
fi 

0 


rſt you muſt take ſo much line, as may let your Log float a 
g od way from the ſhip, that ſoit may be out of the eddy 
and dead water of the Ship z and here you muſt place your 
firſt knot or mark, which you muſt hold in your hand, and 
let it gowhen you begin to count your minutes or- ſeconds, 
and from this knot you muſt account the faid number of 
feet yau deſire f 


of obſcrvation 


There will be alſo another incomenieney, when your fine Make ſome 
is long hich ought to be taken eare of, and that is that ©i2ll bows» 
your line will be ſubject to ſink in the water, and ſo-not — 
ver out ſtreight, For it bavintg no ſteady hold at the Log. pos Lias- 


and you being careful not to over- hale the log, and fo bring 

itefter-you, the line will be ſubject to fink, and fo to veer 

ont too faſt. | 2470 . 

To prevent this you muſt be exteful to kee line aas 
; Dad. | pur — 
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dry as youcan, or to ue ſome means to make it ſwim upon 
the top of the water; which whither it may be done beſt 
by oiling , or tallowing, or tarring, I leave it to your expe- 
rience: And it were not amiſſe, if you put little corks here 
and there upon the line, to make it ſwim, if they can be ſo 
ordered, that they may not hinder the running of it out. 

And thus you have the beſt way in uſe for the finding of 

the Ships way, which I have improved the beſt wayes I can, 
ſo that I doubt not but you will find ſome of theſe things 
worthy your trial and practice, both in the ordering of your 
line, and in your obſervation ot the time. But yet for all 
this, both of them will be ſo ſhort, that a ſmall errour in ei- 
ther of them will amount to much in an hour, and more in 
longer time. 

The beſt comfort is, that you are not alwayes forced to 
truſt to this way of account. For when you make any con- 
ſiderable alteration of latitude in your courſe, you may 
obſervation thereof correct your errours herein, and by ob- 
ſerving how theſe rules agree with ſuch courſes, you will 
know the better how to judge of them, and to uſe them far 
the future. | 


The deſcription of ſeveral Engines, for the more conſt aut aud 
certain finding of 4 Ships way. 0 


And yet becauſe this way of account is of very good uſe 
and much practice; and many times you may be forced to 
ma ke uſe of it, not only in your courſes of Eaſt and Weſt, 
but ſometimes alſo in any other courſe; as when it is clou · 
dy dark weather, ſo that you cannot ſee Sun or Stars ſo as 
to make a good obſervation thereby in many dayes. There- 
fore ſome have indeavoured to make this way of account 
more perfect, by deviſing ſome way df meaſuring che ſkips 
motion for a much longer time, ſo as it might ſerve not on- 

B for hours and dayes, but for an whole voyage. * 
| & 
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| To this purpoſe I finde in an ancient Book of Mr. A. 
am Burn; entituled, Faventions and Devices, his 21 Device is 
to make an Engine to know the way or going of the Ship, 
which he thus deſcribeth theſe words. 

There muſt be a little ſmall Boat, and then there muſt 
©he placed a wheel in the Boat, that the arms muſt go in the 
<« water, and ſo as the Ship paſſeth in the Sea, fo the vvay of 
the ſhip doth turn the vvheel by the arms that goeth in 
«the vvater; and from that vvheel or vvheels that goeth 
** on the outſide of the little Boat, there comes an Axletree, 
* and upon that there is a note, vvith ſix or eight teeth more 
« or leſſe, as the Deviſer or maker ſhall ſee good, and that 
Note ſhall turn another vyheel by the teeth on the cir- 
cumference: ſo that yvhen the vyheel on the outſide of 
« the little Boat hath gone 30 or 100 times about, that the 
Note on the Axletree ſhall turn the inner wheel but once 
about: And then the thing being tried, that vvhen the 
yyheel vvith armes that goeth in the vvater hath gone 
* once about, that the ſhip hath gone ſo many feet or in- 
ches, and then the wheel on the out- ſide having gone 
e ſuch a number of times about, as to have turned the next 
« yyheel, the ſhip muſt needs go 5o or 100 times ſo much 
more, & then that yyheel ſhall! have a Nut upon the Axle 
tree thereof, and turn another yyheel ; and ſo you may 
© make one vvheel upon another, that the laſt vyheel ſhalt' 
not be turned about, until the ſhip hath gone 500 or roc 
“ jeagues: As for example. The wheel that goeth on the 

gut- ſide of the little Boat hen that it is turned round a- 
« bout once, the ſhip hath gone juſt ſix foot, that is, one fa - 

* thom, and now the Note that goeth on the Axletree, deth 

© turn the next in ſuch ſort, that when the outward Wheel 

0 hath turned 100 times about, this is turned once, and 

thenthe ſhip hath gone 600 fret, or 10 fatboms. And it 

* this wheel turn another heel in like order, that is for500' 

turning to turn the other but once: chen hen cis ee! 

D dd 2: aten 
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Certain obſer- 
vations and 
correct ions of 


this Engine. 


hath turned about, you may conclude that the ſhip hath 
gone 100 times 10 fathomes, that is 10c00 fathoms, 
*© which is four leagues. And this wheel may turn another 
in the ſame order; and when this wheel is turned about, 


< the ſhip. hath gone 100 times 4 leagues, that is, 400 


© leagues. And to ſee and know how theſe wheels do turn, 
* there muſt be certain ſpurs, ſuch as the hands, or pointers 
©. of clocks to come from the wheels, &c. And this Iuſtru- 
<< ment being towed in a little cloſe Boat, will ſhew you the 
way ot any ſhip, that is to ſay, how faſt or ſlow the ſhip 
e g0eth through the water. The Deviſer of this Engine or 
«© Inſtrument, ſaith he, was Humphrey Cole. 

This I have quoted, not that I would have you to put it in 
practice, for I confeſle the Invention is very rude, and ill 
contrived ; for which cauſe I believe it hath ſeldome been 
uſed by any. But rather as an Apology for what I have had 
ſome thoughts upon to this purpoſe, that ſo I might not be 
thought too ſingular therein, For though I had ſome 
thoughts of theſe things long before I ſaw this Book, yet this 
made me the bolder to publiſh them; becauſe I found here- 
by that I was not the firſt that bad ſuch conceits, but that 
they had been entertained by ancient Sea- men formerly. 

This invention may be much bettered in theſe things: 

Firſt, whereas he preſcribes the Water- wheel to be on the 
outſide of the Boat, if the Boat have but one wheel on the 
one ſide, it will make the Boat go all awry, and ſo hinder 
the motion of the wheel, If it have two vvheels, it will be 
a thing needleſſe, and make the Engine which. ought to be 
as ſmall as may be, more unweildy. Beſides, if theſe vvheels 
eithet one or tyvo lie open on the outſide of the Boat, then 
if che Sea be not very calm, the water will many times run 
over the Axle- trees of the wheels; and ſo hinder the motion 


thereof; or elſe they muſt go very ſhallow in the water. 


To temedy all theſe inconveniences; it is better to have on- 


ly one vxheel, and this to come out juſt in the middle of the 


bottom 
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bottom or tern of the Boar or Eugine, to a certain quantity; 
& ſo the Boat to be cloſe on the top and ſides, that no water 
muy touch any part of the vvbeel, but that which bangs 
out undet the Boat. 
In the ſecond place he doth very in- artificial preſeribe the 
proportion between the Nuts and the wheels, making the 
one to the other, as 50 or 100 fold; and yet he would have 
the Nut to ha ve 6 or 8 teeth, ſo that the yyhee! that follows 
muſt have 300 or 400 teeth, for the 50 times and c oo or 8 c 
teeth, for the 100 fold proportion: either theſe teeth there- 
fore muſt be very fine and ſmall, as the teeth, of little clocks 
or watches: or the wheels muſt be very great, and ſo not fit 
for ſuch a little Engine* Bat this may be eaſily helped, by 
making a vvheel ot tyvo more, ſo that the vyheel and nut 
may have at moſt but a ten- fold proportion. 
For example, let the compaſſe oſ the vvater-wheel be 10 This wr 
foot, or 20 inches, the diameter will be 38 inches,18 parts, 1! n 
the ſemidiameter 19 inches, 9 parts, 2 third parts of xhis, or — 
about 12 inches deep may lie in the water out at the bot - for ſothedia: 
tome of che Boat or Engine: So-thisvyheel vvill turn a- meter will be 
bout every ten feet the Ship runs. This vvheel may turn the but about a 
ſecond vvheel once about in ſix times, which will be in . b% 
foot motion. This may turn the third-vvheel about onte n est cum. 
in ten times, which will be in 600 feet motion This may ber "eſpecially 
turn the fourth wheel about once in 6000 feet motiõ, Which in a great wu 
is one mile. This may turn the fifth vyheel, or rather an hand Let it you 
or Index once in ten miles. Or if you will, you — make a nne, _ 
ſixth vyheel to turn about once in 6 ot 100 miles. And er Abe 
theſe five wheels may be contrived in a leſſer compaſſe, then ſo the diame- 
two or three ſuch great ones as he preſcribes and all of them ter will be bet 
Mall ſcarce ha ve half the number of the teeth of one of his » ſeet; burthen 
wheels: for theſe three wheels need have but 60 teeth a- — ue 
piece, which is 1801 yea, the firſt needs but 36 teeth, un dhe nen 
whereas a wheel that muſt be turned about 100 times with „hecl io times 


a nut of ſix teeth, muſt have 690 teeth. about ro make 
Thirdly, 60 feet of the 
ſhips motion. 
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R. ſecond Bn» Thirdly, as for the form of this Engine, it will be 490 M 


tine for this: cumberſome to make it in a cloſe Boat which may ſwim of 
it ſelf, and to be towed after the ſhip, for ſo the Boat muſt 
be made to ſwim two foot above the water, for to cover 
che upper part of the vvheels, and fo the breadth and length 
uſt be in ſome ſort proportionable. But it were much bet-- 
*The Flc- * to have this made in the form of your Flemiſh. * Side- 
miags have an boards, being hollow at the bottome for the water - heel to 
Oral- board move in, and io the other wheels to be within it alſo one 
hanging on above another, and their ſpindles coming out may have 
each fide of hands or pointers faſtened to them, which may fhew the 
— ge miles, and leagues, and degrees of the Ships motion. And 
let. down in this may be faſtened to the Ship ſides, as theſe Dutch Side- 
the water as boards, and ſo drawn up or ſet down into the water, as you 
they ſee occa- have occaſion to uſe them: or it might be ſo contrived that 
'fion,,, which jc might have a little cloſe Boat croſſe the lower part of the 
— 5 1 water - vyheel, that it might partly hang, and partly ſwim, 
. y and(o it yvould play up and down in the water, as the water 
very well be doth by the Ship ſides. 
made much And thus hanging you need but look out a little upon the 
alter che ſame ſpind les or ha nds, and ſee how far your ſhip hath gone at 
. uſed any time: And thus with ſome fevy alterations or additi- 
ns ads ons, a5 you ſhall ſee cauſe, this Engine may be made uſeful; 
ic muſt be a vvhich muſt needs tell you the motion of your ſhip very 
licrle chicker neer, and being either thus, or after your ovvVn fancy hand- 
roward the ſomely contrived, may be uſed at moſt times, and if you 


oy _ vvill, moſt part of your Voyage, if the Winde and Waters 


tet · wheel may be not too tempeſtuous. 5 
turn within it, , forche better ſhelterʒ and that the motion thereof may not be hindred, 
by xhe daſning of che waves ſometimes on the upper pait thercof. 


This Wheel and Index 'bernpt: 
ned about once in 10 times, ih 
when the Ship hath run 600600 
feet, ar 10 miles, 

This Wheel being turoed.a» 
bout once in 10 times, ſbew. 
when the Ship bach nels 
feet or one mile. 


ThisWheel being turned abour 
by the under Wheel, once in 
to rimes; ſhews when the Ship 
hath run 600 feet. 

This Wheel being turned a- 
bout by the Water - wheel, 
once in ſix times; will turn 
round every 40 feet of its 


ö 


* 
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A third En- 
gine, being a 
Water: lack. 


the Ships way might more handſomely be performed by a 
kinde of motion, made after the manner of a Jack er Clock. 
which might be ſer in the ſteeridge of the ſhip, and inſtead 
of a weight to make it move, you may let a good handſome- 
log lie in the water, which the ſhip towing after it, accord-. 
ing to the ſwiftneſle of the motion of the ſhip, ſo will the 
ſtrength of the Log be in the water. Aud by a little trial it 
will be an eaſie matter ſo to proportion the bigneſſe or ſhape - 
of the Log, and the weight of the ballance, that it ſhall 
turn about che great wheel whereunto it is faſtened at cach 
each hundred part,mile or minute of a degree, and this may 
tutn about other wheels which ſhall ſhew by little pointers 
how many leagues or degrees the Ship hath gone at any 
time, without any reſpect had to the time, but onely to the 
motion of the Ship. 

For example. Let there be a good ſtrong motion made 
like, the moving part of a Clock, which you may make ei- 
ther with two large wheels and a ballance, as in greatChurch 
clocks, or with three ſmaller wheels, and a ballance, as in 
little bra ſſe clocks. Thele wheels may be made with ſuch a 
number of teeth, as if the great wheel to which the line 
aud weight is faſtened, were to turn about in an hour, as it 
ordinarily doth in all clocks. . Then ſince the ordinary way 
which a ſhip makes, is about a degree in a day, which is two 
miles and an half an hour; for the better diviſion of the 
Way, we may ſuppoſe it to be a league or three miles an 
hour, which alſo makes 5 hundred parts of a degree. There- 
fore if yon fit your log and ballance ſo, that when the ſhip 
hath gone a league or 500 parts of a degree, this wheel may 
turn once round; it will do ſoconſtantly afterward ; for if 
the ſhip move faſter then a league an hour, the Log will 
draw.ſo much the ſtronger in the water : If the ſhip move 
{ſtpwer, the Log will draw ſlacker, and ſo the motion of the 
wheels and ballance will; be faſter. or flower ; and ſo this 

great. 
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Yet I have had ſome thoughts, that this knowledge f 
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great wheel will till be turned about every league the ſhi 
runs, without any reſpect to the time, but only to the pace 
the ſhip moves. | 

Now this wheel may turn another whsel, which ſhall as 
the hour waeel of a clock turn about every ten or twenty 
leagues ; and theſe wheels having hands or pointeis upon 
their ſpindles; the one may ſhew the number of leagues or 
hundred parts, and the other the parts of the leagues or 
[undred parts, as they are in m tion. And this being wound 
up every ten or twelve leagues, may be kept conſtantly go- 
ing and ſo ſhew the ſhips way all the whole Voyage. 

If you think this motion will be too dull and (low to ſhew 
a league at every Revolution of the great wheel, then you 
may make it ſhrw but one mile an hour, or but one hundred 
part of a dcgree, it will onelyTequire ſo much the oftner 
winding up. And this will be better then to increaſe the 
number of the teeth of the wheels, for ſo the motion vvill 
be made to go ſo hard, that vvhen the ſhip moves any thing 
{1wly, the motion vvill ſtand ſtill, It muſt therefore be 
made vvith a light ballance, and reaſonable ſma!l numbers, 
that ſo it may go quick and gentle, with a little vveight or 
force. 

Thus if the great vvheel vvbich is to turn about once eve- 
ry 100 part ſailing, tuin the ſecond vvheel fix times about, 
and this turn the ballance vvheel fix times about, and the 
bailance vyheel hath 15 teeth, each tooth giving the bal- 
lance two ſvvings, the one one way, the other another vvay, 
the ballance vvill make io ſvvings, vvhich is a ſvving for 
every three foot and four inches of the ſhips motion. And 
this may be a good proportion, both in reſpect of the ſhips 
Hovver and faſter motion. For thus if the ſhip go but one 


or tvvo hundred parts an hour, the ballance vvill make 1 000 


or 20Co lvvings in that ſpace, vvhich vvill be enough to 
keep it going. And yet again if the ſhip go ſix or eight hun- 
dred parts an hour, yet the ballance, if it be not too heavy, 
but 
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FP ot hang and play well, may make ix or eight thou and 


ſwings in that time very vvell, for the ballance of a pocket 
vvatch makes 18000 ſvvings in an hour. 

And thus the Index- vvheel, turning about once in ten 
times of this vvheel, vvill ſhevy the tenth part of a degree, 
or a double league, and if you vvill, you may mike another 
Index vvheel, to turn about once onely i a degree. 

As forthe form of the Log, vvhich muſt be inſtead of 
the vveightt o move this motion: It vvere beſt ro have it 
round, for if it ſhom'd be a Cone, or like a Sugar-loaf it 
vvould cut the water ſo eaſily, that it vvill not make ſtre ſſe 
enough upon the vvheel to make the motion go. And ift 
be of any ſquare or angular form, it may make the (ire ſſe 
very unhandſome and unequal. It will be good alſo to make 
this Log of good cloſe wood, that ſo it may but juſt ſwim; 
for ſo it will hold the water the better, and not be ſuò ject 
to leap out of it, and allo it will ſt the longer; for as it 
vvill be ſome trouble to fit this Log at the fi. ſt, to a juſt pro- 
portion or biꝑneſſe, ſo it will be good to keep it at one ſtint, 
vrhen you have found the true quantity, and not to make it 
of vvood that vvill ſplint or rot preſenty. 

But now in the laſt place, the fiit ng of this Log and the 
ballance vvill be the chief buſineſſe, which requires your 
care. And to this purpoĩe the beſt way will be, not to alter 
your Log. by making it leſle or bivger, vvbich may be gueſ- 
fed at reaſonable vvell by any ingenious Work- man, that 
ſhall cake upon him to make them, for ir muſt be according 
to the ſtrength of the wheels and vvork. But the beſt way 
to equalize the motion, vvill be to have your ballance poi- 
ſed with little moveable weights, as ſmall bullers hanging in 
vvyer, or ſuch like, and to have notches in the croſs rod of 
the ballance, at eq al diſtance from the center thereof. 
Novv the farther off from the center of the ballance chat 
you place theſe little vveights, ſo much the ſlovver vvill the 
motion be:and the neerer to the center that you ſet them, ſo 
Eee 2 much 
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A fourth ſoit 
of Engine, by 
the winde. 


much the ſvvifter vvill the motion be. Therefore vvhen yon | 
are neer the land, and ſo can fee by-marks and places; ani 
ſo knovv the diftance: or rather vvhen you run a fair courſe. 


at Sea neer the Meridian, and ſo know by your difference ß , 


latitude your vvay exactly, then take ſeme care to equalize” 
your motion, placing the plummets neerer to the center; if 
the motion goeth too flow, and farther from the center, if 
the motion gg eth too faſt; alwayes remembring to place 

both of them <qually diſtant from the center. And ha- 

ving thus equalized your motion to the Ships way, it muſt 
needs alwayes accord therewith, provided you keep it clean 

andneat from ruſt and duſt, by making it clean now and 

then, and making iome caſe for it to ſtand it. 

There might allo be a fourth ſort of Engine contrived for 
this purpoſe, which ſhould ſhew you the motion of the ſhip- 
according to the fo ce of the winde. And that this may ſeem 
the more reaſonable, conſider that the winde isthat, which 
chiefly, if not nely, cauleth the ſhip to move ickthe water. 
For though the ſhip be ſometimes moved with the Tides, 
Streams; or Currents of Rivers, yet this cannot be obſerved 
any of the former wayes though you muſt have a great 
care, to obſerve thoſe, as you may ſee in the former parc 
of this Book, and in the ſixth Chapter, Sect. 5. of my 
Geometrical Sea-man. But this motion which we now ob- 

Nerve is on. ly cauſed by the force of the winde. Therefore 
if there were a little Engine made in the form of a Wind- 
mil, this placed conveniently at the ſtern of the ſhip, the 
ſayles would be turned about by the winde faſter or ſlower, 
as the winde did blow more or leſſe, and theſe little ſayles 
mighr turn about two or three other little wheels within 
them, which by ſome trial might be ſo compoſed with fit 
numbers of teeth, that they might ſhew when the ſhip had 
gone a mile or two, or a league or more, as the wheels in 
the former Engine, which was turned by the water. 

For:example, Let the Sayls be about two foot — 


. * 


+ 


and order them as you pleaſe. 
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9 To finde the Ships way by Engines. 
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e compaſſe of the circl: will be about 6 foot: Now ſup- 
pole theſe ſayles be ballanced, fo that they may turn about ! wheel C· 
every ix foot of the ſhips motion, then if theſe ſayles turn 
> another wheel every ten bouts, and this another every ten 
* bouts of chat, and this wheel ſhall turn another every ten 


bouts of that, this third wheel will turn about once in 600 
feet, or one miles motion, And ſo yeu may multiply wheels 


Butnow in this Concluſion, there will be theſe things con- 


\ fiderable : 


Firſt, that one Ship doth not ſail ſo ſwift as another with 
one and the ſame winde; yea; one and the ſame ſhip, ac- 
cording to her different lading and foulneſſe. This may be 
oounte rpoiſed by hanging ſome weight upon the Axle-tree 
of the Sayles of the Engine, which may make them move a 
lixle more hardly or gently, which will make them go ſwiſt- 
er or ſlowet; and thus alſo you may equalize the motion of 
the wheels to a juſt mile or league, as I ſkewed for the bal- 
lance of the former Engine. 

In the ſecond place, whereas a Ship in a ſtiffe pale of 
winde need not to uſe ſo mueh ſay]. as ina ſtiller gale; this 
may be proportioned by clothing the little ſayls of this En- 
gine, as Millers do the ſayles of greater in the like occaſions, 
making them ſometimes go as faſt with half cheir clothes, as 
at other times with all. 

Thirdly, whereas the ſhip doth not ſay] alwayes right be- 
fore the winde, but ſometimes with a quarter or ſide- vvinde, 
and yet this Engine muſt be turned alwayes to the vvinde, 
and ſo vvill ſhew the way, as if the Ship vvent before the 
vvinde. This muſt be conſidered and allovved for by ſome 
vvay of ealculation: as thus : 

Suppoſe the vvay of a Ship lie Eaſt and Weſt, as A C, 
but the vvinde is North-vyvelt, as D E: letthe Ship be at B, 
and trim her ſayles before the vvinde, they vvill lye as B P, 
ſuppoſe the motion of the ſhip (as being before the vvinde),) 


Say les 6 - 
2 wheel 602 
3 wheel 6c09-' 
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to be B E, or South-eaſt 10 miles: Yet the motion 06 
the Ship, according to her courſe Eaſt aud Weſt, vvill |} 
but AC, vvhich is onely 7 miles Eaſt hs : 
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Sometimes the vvinde vvill be ſo much ſide-vVayes, that 
they cannot trim their ſayls to the vvidde, but are glad 
to trim them ſide vvayes to vvinde. 

Thus, let the ſhips vvay be A C, Eaſt, as before, and the 
vvinde G C full North, and the ſayls B E, as before, the 
ſhips vvay vvill be as it vvere A H, vvhich is South · ſouth- 
eaſt almoſt 20 Niles, before it can come to the place C, or 
Eaſt 7 miles. After ſome ſuch way as this, the vvay of the 
ſhip' might be found out according to any fide-vvinde, 

knovving 
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ie for 1 purpoſe. However 1 doubt not, but wind 
little practice and obſervation, this as well as 

— Engines may be of good uſe and profits 
to thoſe who ſhall ſet upon the making, 

or the uſing of theme: BUYS 


FINTIS. 


eRRAT Ain the firſt Part. 
Page 25. line. G. read right lined triangle, foi right tr. pag. 21. Iin. 22. r. 
makes 41000, which divided by 71, makes 3775, which, &c. p. 22. 1.2. 
r. 6 24. f. 7624. p. 12. l. 10. r. 41. . 7 l. p. 3 4. l. 1 ;. r Longitude, f. Latitude. p. 
45.1.30.r.from A to E. f. you p.55.1.7.r.5.f.3.p.60.1.1,&z.r.SE,f,SW.p. 
62. I. 2. r. o deg ,*.1 deg p. ss. l. ult. of the Table, r. 1751. f. 5 2. p. 86. l. 1 5. r. 
40. f. o. p. 9 l. l. 3i. 22 L upon the line P B, and ther eby finde the 
perp. & c. p. 108. 13 r. 26. f. 23. 1 r. 56. f. 36. Narr .07 f. 
„ I. ro. r. North & South, being either of them 150 Poles, 35 pts. 
be Eaſt and weft being, | 
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ERRATA in the Canon, 
DN Correction. D N Correction 
Tanng, 86 94 4058.20 Secant 76 39 161. 20 
S. Diff. os 48 o. og | Sine 43 os 05. 87 
Tang, 84 47 47 5.75 S.ne 44 67 48.20 


ERRATA in the ſecond Part, oy 
Page 24. 31.r,6c00.f,600.p.15.1.8:r.38.f,35.p.21.1.4.r.600.f,60,p.24- 
1.3.60000.f,600200.and I. 7. Cf. 6 o. 


